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(54) WEARABLE DRUG DELIVERY DEVICE

(567)  The presentinvention describes a drug delivery
device to conduct a medical therapy, where the drug de-
livery device has a housing with an exit port opening, and
an exit portassembly, where said exit port assembly com-
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prises a rigid exit port sealing holder and a soft exit port
sealing, and provides both a fluid-tight closure of the exit
port opening and and a fluid-tight connection between
the housing and the rigid exit port sealing holder.
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Description
FIELD OF THE INVENTION

[0001] The presentinvention relates to a drug delivery
device, in particular to a wearable patch pump for sub-
cutaneous delivery of a fluid medicament from a reser-
voir. Advantageous variants of the invention include an
improved design or an improved method of manufactur-
ing a drug delivery device.

BACKGROUND OF THE INVENTION

[0002] A variety of diseases exist that require regular
treatment by subcutaneous administration of a medica-
ment, and a number of drug delivery devices have been
developed to support a patient in accurately and control-
lably delivering an amount of drug in a self-administration
process. Delivery devices include drug delivery devices
that are removed from the injection site after each med-
ication event or drug delivery process, as well as infusion
devices with a cannula or needle that remains in the skin
of the patient for a prolonged period of time. By way of
example, diabetes may be treated by administration of
insulin by the patients themselves with the help of multi-
variable-dose insulin injection pens or infusion pumps.
Alternatively, patch injectors, wearable injectors or wear-
able pumps are patched or adhered to the skin of the
patient.

[0003] Departing from classical syringes, increasingly
complexdevices have been designed to support different
therapies, to ensure safety and reliability, and to increase
ease of use to a point patients can apply the drugs them-
selves, reducing time-consuming and costly interven-
tions by trained medical staff to a minimum. Examples
of drug delivery devices suitable for self-treatment in-
clude injection pens, auto-injectors, portable infusion
pumps and wearable patch pumps. Despite of the tech-
nical complexity it is an important requirement to keep
cost of manufacturing and cost of devices as low as pos-
sible.

[0004] Common to all devices for subcutaneous drug
delivery is a reservoir to store the fluid medicament, and
a fluid path to bring the drug out of the device and into
the subcutaneous tissue of a patient. Fluid-tightness of
the fluid path is an essential requirement to ensure safety
and accuracy of the delivery. Longer term infusion pat-
terns and reliable system supervision functions particu-
larly rely on controlled fluid pressure along the fluid path.
While this is rather easy to achieve for a classic syringe,
it becomes a challenge with increasing complexity of the
device. Requirements are further increased by design
for self-administration, which means use in a non-sterile
environment, use by people without medical training, or
even use by people with reduced visual or haptic capac-
ities. The use of pre-filled cartridges, user-friendly fill
ports, modular devices with disposable modules as well
as wearable devices with auto-inserters are typical solu-
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tions to improve ease of use. Reducing the number of
mechanical components and design for easy assembly
during manufacturing are typical approaches to minimise
cost.

[0005] US 6,669,668 B1 discloses a drug delivery de-
vice with a disposable reservoir and a reusable pump
module. The drug is manually filled into the disposable
reservoir using a standard syringe. An administration set
is used to bring the drug from the pump into the body of
the patient.

[0006] Animportantsteptowards ease of use is to omit
the administration set and design a wearable patch pump
which is small and has an adhesive patch to attach the
pump to the patient during drug delivery. A typical patch
pump design has a housing with a reservoir to contain
the drug, a cannula to lead the drug into the body of a
patient, and a needle assembly to establish a fluid-tight
connection between the reservoir and the cannula. For
optimum ease of use, the cannula is made of a soft ma-
terial and an auto-inserting mechanism with a rigid nee-
dle or cannula is built into the pump to insert the soft
cannula into the body of the patient for drug delivery. For
compact and fluid-tight design, the reservoir is generally
built into the housing and needs to be filled from outside
priorto use. A number of sealing components are needed
to ensure a fluid-tight design of the fluid path and of the
housing. Special solutions are needed for the fill port,
where the drug is brought into the reservoir, and for the
exit port, where the cannula passes from the inside of
the housing to the outside of the housing for drug delivery.
Wearability asks for a compact design of the patch pump
as awhole, which further adds to the complexity of design
and manufacturing. As the most complex variation of sub-
cutaneous drug delivery devices, semi-disposable patch
pumps with internal auto-inserting mechanism and a soft
cannula open the door to the most sophisticated thera-
pies at the highest level of ease of use at a potentially
low cost. Among other applications, they are a preferred
solution for the intermittent delivery of insulin for the treat-
ment of diabetes mellitus.

[0007] There is clearly a strong need for a wearable
drugdelivery device which provides accurate and reliable
drug delivery in a compact, easy to use, fluid-tight and
robust design and which can be manufactured at low
cost. To arrive at an optimal solution, all involved com-
ponents have to be designed accordingly.

[0008] US 7,303,549 B2 describes a fully disposable
patch pump for transcutaneous fluid delivery. While this
concept includes an auto-inserting mechanism for the
injection needle and offers a high level of ease of use,
the lack of reusable parts brings the disadvantage of gen-
erating a lot of waste and increased cost of the therapy.
[0009] US 8,679,062 B2 describes a semi-disposable
patch pump describes a modular patch pump where one
of the modules is reusable to reduce waste. However,
ease of use is affected by the requirement to handle sev-
eral different modules and by lacking the auto-inserting
mechanism for the injection needle.
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[0010] US 9,993,595 B2 describes another example
of a modular patch pump in a more compact design.
Again, the missing auto-inserting mechanism affects
ease of use.

[0011] For wearable delivery devices a compact de-
sign is of particular importance. The material used for
such wearable drug delivery devices is usually plastic
due to its advantageous manufacturing characteristics
and its low density.

[0012] In other technical fields different types of mate-
rial are often combined to profit from advantageous char-
acteristics from different materials. For example, US
5,597,990 B1 discloses an electrical switch integrated in
a switch-box and designed for detecting the presence of
an electronic memory card in a card reader device. The
housing of the switch box carries two fixed electrical con-
tact elements which are arranged laterally on either side
of the housing. Each fixed contact element is made of a
folded metal blade whose free ends project out of the
switch box to constitute terminals for connection and sol-
dering on a printed circuit board. The contact elements
are partially embedded into an overmoulded plastic hous-
ing of the switch box.

[0013] InWO03103763 a patch injection device is dis-
closed comprising an external housing for containing a
reservoir. The reservoir is closed by a needle insertion
septum and may be filled by an external filling means
using a fill port located in the housing.

[0014] In WO2017120251 a filling assist mechanism
fora patch pumpis disclosed comprising features to allow
easier and more reliable filling of a reservoir located in-
side the patch pump. The reservoir is closed by a needle
insertion septum and may be filled through a fill port lo-
cated in the housing of the pump. The external filling as-
sist mechanism comprises a cone shaped opening for
guiding the needle of an external filling device. The very
existence of the filling assist documents that the fill port
as far as integrated in the patch pump is cumbersome to
use.

[0015] US 2019/0091404 A1 discloses a cartridge-
based drug delivery device where the reservoir has a
sealing membrane at the outlet. To connect the reservoir
outlet to the needle assembly and prepare the pump for
drug delivery the membrane is pierced by the needle as-
sembly. In a compact design such a membrane can be
difficult to manufacture.

[0016] US 6,699,218 B2 describes a patch pump with
a soft cannula and a rigid cannula slidably moving axially
in the soft cannula for insertion. All connections along
the fluid path are designed to prevent leaks, but no so-
lution is given how to design the interface between the
two cannulas for fluid-tightness at a specified occlusion
pressure. Fluid-tightness at a specified occlusion pres-
sure is necessary for reliable detection of an occlusions
in the fluid path.

[0017] Themostcommon approach to an exitportseal-
ing is by piercing a septum. One such arrangement is
disclosed in EP 1390089 B1) as part of an infusion set.
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The more complex design of a patch pump with auto-
inserting mechanism opens additional possibilities for
new solutions by extending this basic concept and by
optimising the exit port assembly for the specific require-
ments of the application.

[0018] An exit port assembly for a patch pump with soft
cannula and inserting mechanism is disclosed in EP
1682203 B1. The assembly as disclosed includes a mul-
titude of sealing components, making it more costly and
less than optimal for manufacturing.

[0019] US 7,771,412 B2 describes an environmental
seal for a fluid delivery device where the exit port is de-
signed as a cap which comprises two different compo-
nents and is mounted into a housing. Although 2-shot
moulding is mentioned as a way to improve manufactur-
ability and reduce cost, the proposed exit port is rather
complex. The soft plug remains in the inside of the cap
and is not arranged in a way allowing combination with
other functions for further optimisation.

[0020] Ina patch pump with auto-inserting mechanism
a fluid connection between the reservoir and the output
of the cannula is established when manufacturing the
pump. This open path can affect the accuracy of drug
delivery or also the function of the filling process. It is
therefore desirable to close this path until the drug deliv-
ery is intended to start. An objective is to provide a solu-
tion for the closure of the exit port which is easy to use
and suitable for low cost manufacturing.

[0021] US 7,018,360 B2 discloses a semi-permeable
exit plug to support filling and priming a patch pump with
needle inserting mechanism. The plug may be a sheet
attached to the adhesive release liner of the adhesive
patch. Although simple, this concept is prone to tearing
the semi-permeable sheet in the process of removal of
the plug and asks for a solution with improved reliability
and hence improved ease of use.

[0022] US6,749,587 B2 discloses a patch pump where
the adhesive is provided in a continuous ring encircling
the exit port assembly to provide a protective seal around
the penetrated skin. Again, this simple concept can be
extended to include other functions and find an overall
optimum.

[0023] EP 3251585 A1 discloses an adhesive patch
assembly for a patch pump, including structures to im-
prove reliability of the connection with the body of the
patient by letting air and humidity pass from the surface
of the skin to the environment. This concept can also be
extended and combined with other functions to achieve
an optimum of reliability and ease of use.

[0024] It is an objective of the invention to provide an
improved drug delivery device which is accurate, reliable,
easy to use and cost effective, overcoming the draw-
backs of or introducing alternatives to the prior art. Sev-
eral aspects of the present invention contribute to an
overall optimum. They are all applicable to all sorts of
drug delivery devices such as pen injectors, patch injec-
tors, mobile pumps or patch pumps.

[0025] Itis an additional objective to provide improved
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assembly methods for the drug delivery device as dis-
closed in the corresponding claims.

DEFINITIONS

[0026] The term "substance", "drug", "medicament" or
"medication” includes any flowable medical formulation
suitable for controlled administration through a means
such as, for example, a cannula or a hollow needle and
comprises a liquid, a solution, a gel or a fine suspension
containing one or more medical active ingredients. A
medicament can be a composition comprising a single
active ingredient or a pre-mixed or co-formulated com-
position with more than one active ingredient present in
a single container. Medication includes drugs such as
peptides (e.g., insulin, insulin-containing drugs, GLP-1
containing drugs or derived or analogous preparations),
proteins and hormones, active ingredients derived from
-or harvested by- biological sources, active ingredients
based on hormones or genes, nutritional formulations,
enzymes and other substances in both solid (suspended)
or liquid form but also polysaccharides, vaccines, DNA,
RNA, oligonucleotides, antibodies or parts of antibodies
but also appropriate basic, auxiliary and carrier substanc-
es.

[0027] The distal end or distal direction is defined by
the direction of the needle configured to penetrate the
skin of the patient. For an injection pen this may be the
injection needle and the end of the pen holding the needle
or being configured to hold the needle is the distal end.
For an infusion device the distal end and the distal direc-
tion is towards the needle configured to penetrate the
skin of the patient, which may be along the axis of the
device or tilted or perpendicular to the axis of the device.
The distal direction in an infusion device represents the
direction in which the medicament flows towards the in-
sertion needle. The proximal direction or end is opposite
to the distal direction or end.

[0028] The term "injection system" or "injector" refers
to a device that is removed from the injection site after
each medication event or drug delivery process, whereas
the term "infusion system" refers to a device with a can-
nula or needle that remains in the skin of the patient for
a prolonged period of time, for example, several hours.
If not explicitly mentioned otherwise, the term "pump” is
referring to an infusion system, in the context of the
present invention typically to a patch pump.

[0029] In the claims, the word "comprising" does not
exclude other elements or steps, and the indefinite article
"a" or "an" does not exclude a plurality. For example
"sealing" or "protrusion" does not exclude the fact that
there may be two "sealings" or "protrusions" that func-
tionally or structurally fulfil the purpose of "a sealing" or
"a protrusion”.

DESCRIPTION OF THE INVENTION

[0030] In afirst aspect of the presentinvention, a mod-
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ular concept for a semi-disposable patch pump is intro-
duced, providing an optimal compromise between ease
of use and re-use of components. This is achieved by
reducing the number of components the user has to deal
with to two: the reservoir unit, intended for single use,
and the pump unit, intended for multiple or continuous
use. The fact that there are just the two units minimises
waste while still minimising the number of handling steps
the patient needs to perform to apply the pump.

[0031] The reservoir unit comprises a reservoir unit
housing and a base plate mounted on an adhesive patch,
with the base plate being attached to or integrated into
the bottom of the reservoir unit housing, and includes all
components intended for single use, in particular all com-
ponents in contact with the drug and the adhesive patch.
Drug carrying components will typically include a reser-
voir with a reservoir outlet, a pump mechanism, and a
needle assembly connected to the outlet of the reservoir
to transport the drug from the reservoir into the body of
the patient. For optimum ease of use, the reservoir unit
further includes an inserter assembly which includes an
auto-inserting mechanism to insert the needle into the
body of the patient without any force being applied by
the user. The pump mechanism can for example com-
prise a plunger movably mounted in the reservoir, allow-
ing the drug to be pressed out of the reservoir through
the reservoir outlet by moving the plunger. Any kind of
energy can be used to drive the auto-inserting mecha-
nism, either energy stored in the reservoir unit like a pre-
loaded insertion spring or energy originating from outside
like a rotation generated by the pump unit. This also in-
cludes the possibility of using the same drive unit to drive
or release the auto-inserter as used for driving the pump
mechanism. The pump unit includes all components in-
tended for multiple or continuous use, for example a
pump unit housing, an electrical power source like a re-
chargeable battery, a drive mechanism with a driving
means to drive the pump mechanism in the reservoir unit,
acoustic and/or visual and/or haptic elements to interact
with the user, a communication unit to send and/or re-
ceive data to/from other system components, and a con-
trol unit to control the device. In an embodiment where
the pump mechanism is a plunger movably mounted in
the reservoir, the driving means could for example be a
combination of a motor, gearing and coupling to a thread-
ed rod in cooperation with a plunger rod.

[0032] The pump unitis further configured to be releas-
ably attachable to the reservoir unit. It is an important
aspect of the presentinvention how the reservoir unitand
the pump unit are mechanically connected. The connec-
tion has to be safe and reliable, allowing easy separation
of the pump unit and the reservoir unit for replacement
of the disposable parts, while ensuring optimum safety
and reliability when it comes to unintended separation or
removal of the pump unit during normal use.

[0033] The patch pump, with both units connected,
preferably forms a substantially edge-free shape for best
wearability and to avoid unintended removal of the patch
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pump from the body of the patient. The outer shape en-
veloping the pump components during normal use also
contributes to avoiding unintended detaching ofthe pump
unit from the reservoir unit. Still aiming for optimum ease
of use, the mechanical interface between the reservoir
unit and the pump unit preferably includes a bayonet cou-
pling, where no button needs to be pressed or slider
needs to be moved to release the connection, while still
ensuring a mechanical connection with optimum rigidity
and minimal axial play as required for accurate and reli-
able drug delivery.

[0034] The pump unitis simply pushed onto the reser-
voir unit at an angle of at least 5 degrees, preferable at
least 15 degrees and folded down onto the plane of the
base plate, thereby closing the substantially edge-free
enveloping outer surface of the pump. The closing move-
ment of the reservoir unitis substantially a rotation around
an axis defined by the bayonet connection. To open the
bayonet, the user will pull on the side of the reusable unit
facing away from the rotation axis of the bayonet, where
the pump unit is lifted off the plane of the base plate to
release the pump unit.

[0035] While the concept of the semi-disposable patch
pump as described in the present invention includes any
kind of locking mechanism for the bayonet connection,
mechanisms allowing the same handling step to unlock
and open the connection are particularly easy to use and
consequently preferred. Examples for this kind of em-
bodiments are a mechanical latch snapping in and out
by simple pushing and pulling, a magnetic lock or a pair
of Velcro® strips.

[0036] Although the enveloping outer shape of the
patch pump is optimised for wearability, unlocking and
detaching the pump unit may still occur if the body part
of the patient where the pump is attached inadvertently
brushes over an edge. The edge may slide under the
patch pump on the opening side, causing the pump unit
to be lifted off the plane of the base plate. The locking
mechanism may open and the pump unit may be brushed
offthe body of the patient. To avoid this kind of unintended
detaching, an improved embodiment of the patch pump
comprises a base plate which is extended from the bot-
tom of the reservoir unit housing between the opening
side and the bayonet axis in the direction of the pump
unit. While this extended base plate efficiently reduces
the risk of unintended detaching of the pump unit from
the reservoir unit, it could make it more difficult for the
patient to remove the pump unit intentionally. Therefore,
a further improvement to the patch pump according to
the present invention is a cut-out at the edge of the base
plate. The effect of the cut-out is that a finger of the patient
can at least partially slide under the pump unit on the
opening side of the pump, while a longer edge is still kept
outside. To achieve this effect, the cut-out would have a
length of 5 mm to 30 mm, preferably 15 to 25 mm and a
width of 1 mm to 10 mm, preferably 3 mm to 5 mm.
[0037] The patch pump according to the presentinven-
tion reduces the number of handling steps required to
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apply the pump to a minimum, while also minimising the
waste generated by the therapy. Additional features
make sure the patch pump is safe to use despite its ease
of use.

[0038] In a second aspect of the present invention, a
concept for a compact design of a drug delivery device
is introduced. This objective is achieved by a drug deliv-
ery device with a reservoir for holding a liquid drug, a
needle assembly for delivery of the drug, and a base
frame.

[0039] According to the second aspect of the present
invention the drug delivery device comprises a base
frame comprising an electrically conductive connector
structure including electrical contact areas for establish-
ing an electrical connection between the base frame and
an external device. The base frame further comprises a
non-conductive body injection-moulded around the con-
nector structure such that the electrical contact areas are
contactable by the external device from outside the non-
conductive body. The base frame may further be inte-
grated into or form a part of the housing of the drug de-
livery device.

[0040] The present aspect of the invention may further
include the base frame itself for a drug delivery device
as described in the previous paragraph, the base frame
comprising an electrically conductive connector structure
including electrical contact areas for establishing an elec-
trical connection and a non-conductive body injection-
moulded around the connector structure such that the
electrical contact areas are contactable from outside the
non-conductive body, characterised in that the non-con-
ductive body includes a guiding member for guiding a
movement of the needle assembly, combined with the
non-conductive body to form an unitary component.
[0041] According to prior artapproaches different elec-
trical contact elements and a support for holding the con-
tact elements in place inside the drug delivery are sep-
arately mechanically connected to each other, for exam-
ple by heat staking, by riveting, by insertion or pressing
into sockets, or by using snap lock connections. The dif-
ferent electrical elements are complex to handle. Fur-
thermore, establishing an electrical connection between
the different elements requires a considerable number
of manufacturing steps.

[0042] According to the second aspect of the present
invention the base frame as a support structure allows
to considerably reduce the number of single components
and also allows to combine several functions in one as-
sembly. The electrical connector structure comprises
electrical conductors, contacts, tracks or strip lines adapt-
ed to establish an electrical connection between electri-
cal components supported or held by the non-conductive
body. The connector structure may be formed by only
one component or a small number of components. The
non-conductive body of the drug delivery device is pref-
erably injection-moulded around the connector structure.
This concept allows to integrate various other supporting
elements into the non-conductive body, forming a unitary



9 EP 3 928 814 A1 10

component with extended functionality. Other supporting
elements may be, forexample, supporting pins for a print-
ed circuitboard, retaining elements for retaining a battery
on the non-conductive body, guiding elements for guiding
a moveable needle assembly or other moveable ele-
ments of the inserter mechanism, or stop elements to
stop such a movement. By reducing the number of com-
ponents the base frame according to the present inven-
tion allows a compact design of the drug delivery device.
[0043] The electrically conductive parts or connector
members of the connector structure may be made of any
electrically conductive material such as metal, metal al-
loys, conductive plastics or a conductive composite ma-
terial. The connector structure provides an electrical con-
nection between the components supported by the base
frame and external devices, which are inseparably or re-
leasably connected to the electrical contact areas of the
base frame. Furthermore, the connector structure may
provide electrical connections between various electrical
and/or electronic components supported or guided by
the base frame.

[0044] The connector structure may comprise only one
single conductive part or connector member or it may
comprise multiple conductive parts or connector mem-
bers. Preferably, the connector structure comprises at
least two separate connector members which are elec-
trically insulated from each other. In this case, all con-
nector members of at least one connector structure are
preferably manufactured as one single component in a
first production step, for example one single sheet of met-
al. The shape of the sheet will include all connector mem-
bers plus some connecting bridges between them to form
one single conductive component. In a second produc-
tion step the conductive sheet or component is overmo-
Ided, forming one unitary componentwith a non-conduct-
ing frame holding all connector members as well as the
connectinig bridges. In a third production step the con-
necting bridges are removed, for example by blanking,
resulting in a unitary component containing a connector
structure with one or more separated electrical pathways.
This manufacturing process is considerably easier and
more time efficient than using the overmoulding technol-
ogy with two or more conductive connector members all
inlaid as separate components.

[0045] The electrical contact areas are integrated into
the connector structure to form one unitary component.
However, as mentioned above, the connector structure
itself may comprise more than one conductive part or
connector member. Preferably, a first electrical contact
area is formed in a first connector member and a second
electrical contact area is formed in a second connector
member, wherein the first and the second electrical con-
tact area are galvanically distinct and separated from
each other. In this case the first electrical contact area is
preferably adapted to be connected to a positive pole
and the second electrical contact area is adapted to be
connected to a negative pole.

[0046] The non-conductive body of the drug delivery
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device is injection-moulded around the connector struc-
ture andis thus atleast partially enveloping the connector
structure. The connector structure is therefore supported
or held by the non-conductive body. This allows to se-
curely place the connector structure, for example, inside
a housing of the drug delivery device. The non-conduc-
tive body may be made of electrically non-conductive
plastic, non-conductive composite material or any other
non-conductive injection-mouldable material.

[0047] The non-conductive body is preferably one uni-
tary component. Several elements such as, for example,
retaining elements, guiding tracks, mechanical stop ele-
ments, supporting elements or bearing pins are formed
integrally in the non-conductive body. That means the
elements are preferably made of the same material as
the non-conductive body.

[0048] The non-conductive body is injection-moulded
around the connector structure such that the electrical
contact areas of the connector structure are contactable
from outside the non-conductive body. That means that
the non-conductive body is designed not to prevent the
electrical contact areas of the connector structure from
establishing contact with the intended connecting con-
tact. The electrical contact areas of the connector struc-
ture may be designed, for example, in form of arms or
levers protruding out of the non-conductive body or the
non-conductive body may have an opening or a recess
allowing an external device to be contacted with the elec-
trical contact areas through the opening or recess.
[0049] The connector structure and the non-conduc-
tive body injection-moulded around the connector struc-
ture may form a hybrid component or a unitary compo-
nent manufactured using two-component (2C) moulding
technology. This technology is also known as insert
moulding or overmoulding technology.

[0050] The drug delivery device may be an infusion
system or an injection system. The drug delivery device
may be, for example, an injection pen or it may be a patch
injector applicable onto the skin of the user for the dura-
tion of the injection. The infusion system may be, for ex-
ample, a conventional medical drug pump such as an
insulin pump with an infusion set, or it may be a drug
patch pump without infusion set and attachable directly
onto the skin of the user.

[0051] In preferred embodiments the drug delivery de-
vice is a patch pump comprising a reusable part and a
disposable part. The reusable part may comprise a drive
mechanism and a control unit. The disposable part is
adapted to be replaced after each infusion and it may
comprise a reservoir with the drug, a hybrid assembly
with the needle assembly, a cannula moving assembly
to move at least a portion of the needle assembly, and
the base frame according to the invention. In this con-
stellation, the cannula moving assembly would comprise
relevant parts of the inserter assembly dealing with the
movement of the needle assembly, in particular holders
for a rigid cannula and for a soft cannula.

[0052] In a preferred embodiment the non-conductive
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body forms a guiding member for guiding a movement
of the needle assembly itself or the cannula moving as-
sembly. The term "forms" means the guiding member is
integrally formed in the non-conductive body in one uni-
tary component. Thus, the guiding member is made of
the same material as the rest of the non-conductive body.
[0053] The guiding member may guide the moveable
portion of the needle assembly or the cannula moving
assembly along alinear or straight movement path, along
a curved path, along a rotational path or along a combi-
nation of linear, curved and rotational movement path.
The guiding member may be realised, for example, in
form of a rail, a nut, a protrusion or a profile.

[0054] Since the guiding member is formed in the non-
conductive body as one unitary component no means for
connecting the guiding member to the non-conductive
body are required, e.g. no snap or screw connection is
needed. The guiding member allows an easy and quick
movement of the cannula and/or other portion of the nee-
dle assembly, for example, from a start or initial position
to an extended or inserted position, where the cannula
is inserted into the skin of the user.

[0055] Preferably, the guiding member is a linear guid-
ing rail for guiding the needle assembly itself or a portion
ofthe cannula moving assembly along a linear movement
path. "Linear" means the movement path is a straight line
such that the needle assembly shifts along a straightline.
The guiding member may comprise one or more guiding
rails. Preferably, the guiding element comprises at least
one guiding rail which is adapted to engage with a cor-
responding counterpart, for example a groove, of the
needle assembly and/or the cannula moving assembly.
[0056] Advantageously, the non-conductive body may
comprise an end stop surface integrated in the non-con-
ductive body as an unitary component and wherein the
end stop surface is adapted to restrict a movement of the
needle assembly or the cannula moving assembly in a
first direction. The end stop surface is integrally formed
in the non-conductive body. Preferably, the end stop sur-
face defines either an extended position or an initial po-
sition of the needle assembly. The needle assembly is
moveable from an initial or start position to the extended
or inserted position, where the cannula has pierced the
skin of the user. The end stop surface may be, for exam-
ple, a bump stop, a buffer or just an element protruding
in the direction of movement of the needle assembly.
[0057] Preferably, the connector structure is mainly
made of metal. That means the connector structure is
either completely made of metal or made of metal and
other material components, conductive composite mate-
rials or made of metal and additional non-metal materials.
Preferably, the connector structure is made of one elec-
trical conductive metal sheet. That allows an easy and
efficient production of the connector structure.

[0058] Inthis case the connector structure is preferably
made by blanking and bending. That means the contours
of the connector structure are defined in a first step by
blanking the connector structure from a metal sheet and
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in a second step the connector structure is further formed
by bending. If the connector structure comprises more
than one connector member the connector members are
initially mechanically connected to each other via auxil-
iary or temporary bridges or connectors. These bridges
are eliminated or interrupted by a punching step after the
non-conductive body has been injection-moulded around
the circuit. That means that the finished connector struc-
ture may comprise several galvanically distinct and sep-
arated connector members or other electrical pathways.
In this way, the connector structure can be produced ef-
ficiently and at lower cost.

[0059] In a preferred example the connector structure
comprises at least two electrical contact areas. Prefera-
bly, each of the at least two electrical contact areas is
arranged on a resilient element or contacting arm of a
connector member. That means the connector structure
comprises at least two connector members each com-
prising a resilient element or contacting arm carrying an
electrical contact area. The electrical contact areas can
thus bounce or flex when an external element mechan-
ically and electrically contacts the electrical contact are-
as. That may help to reliably establish an electrical con-
nection between the external contact element and the
electrical contact areas of the connector structure. An
external contact element may belong to an other device
like a charger, or may belong to any other system com-
ponent connectable to the connector structure like a unit
of a modular pump or an add-on for monitoring an injec-
tion or infusion process.

[0060] Preferably, the drug delivery device comprises
aswitching arm protruding flexibly outside the base frame
and formed in a first connector member in one unitary
component. Hence, the switching arm is made of the
same material as the connector structure. The switching
arm is preferably directly or indirectly electrically con-
tactable with a second connector member. The first and
the second connector member are galvanically separat-
ed from each other. If the switching arm electrically con-
tacts the second connector member an electrical con-
nection is established between the first and second con-
nector member and thus an electrical signal can be trans-
mitted. Hence, the switching arm can be switched by the
movable cannula moving assembly between a conduc-
tive state and a non-conductive state.

[0061] The generated signal may indicate, for exam-
ple, whether or not a release button is pressed, an ex-
ternal device is connected or the needle assembly is
moved into a specific position. Of course, the switching
armhasto be positioned such thatthe button, the external
device orthe needle assembly may mechanically contact
the switching arm to switch the lever between the con-
ductive state and the non-conductive state.

[0062] Advantageously, the switching arm is switcha-
ble by the needle assembly or by the inserter assembly
such that the switching arm establishes an electrical con-
nection or interrupts an existing electrical connection be-
tween the first connector member and the second con-
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nector member.

[0063] The switching arm is advantageously posi-
tioned next or near the movement path of the cannula
moving assembly or the needle assembly such that an
element (forexample, an edge, a protrusion, an actuating
lever) of the cannula moving assembly or the needle as-
sembly may mechanically contact and thus switch the
switching arm. The conductive state (electrical connec-
tion) or the non-conductive state (connection electrically
interrupted) of the switching arm may be indicative that
the needle assembly is in an initial position or in an ex-
tended position or that it is just not anymore in the initial
or extended position.

[0064] In a preferred embodiment the non-conductive
body may mainly be made of plastic. The non-conductive
body may comprise only plastic or mainly plastic and oth-
er materials or composite material, which is electrically
non-conductive. In either case, the material of the non-
conductive body is injection-mouldable and can thus be
used for overmoulding the connector structure.

[0065] Further, the non-conductive body may com-
prise aretaining element for retaining a battery integrated
into the non-conductive body as one unitary component.
Furthermore, the connector structure may comprise bat-
tery contact elements for electrically contacting the re-
tained battery integrated into the connector structure as
one unitary component. The retaining element may be,
for example, an arm, a clamp, a retaining tab or a tongue.
The battery can thus be reliably held relative to the non-
conductive body. The battery may be a button cell, a con-
ventional cylindrical battery or an accumulator. If the bat-
tery is retained and held in place by the retaining element
the battery mechanically and electrically contacts the bat-
tery contact elements of the connector structure. The bat-
tery contact elements may be realised, for example, in
form of pins, tabs, tongues or arms and may be integrated
into the connector structure as one unitary component.

[0066] Preferably, the connector structure forms at
least two battery contact elements. To electrically contact
the battery a first battery contact element is adapted to
be connected to the positive pole and a second battery
contact element is adapted to be connected to the neg-
ative pole of the battery.

[0067] The invention relates further to a base frame for
adrug delivery device with a needle assembly, preferably
also an inserter assembly with a cannula moving assem-
bly. The base frame comprises an electrically conductive
connector structure including electrical contact areas for
establishing an electrical connection and a non-conduc-
tive body injection-moulded around the connector struc-
ture such that the electrical contact areas are contactable
from outside the non-conductive body. The non-conduc-
tive body includes a guiding member for guiding a move-
ment of the needle assembly or the cannula moving as-
sembly, integrated into the non-conductive body as one
unitary component. Furthermore, the invention relates to
a hybrid assembly comprising the above described base
frame, the cannula moving assembly and the needle as-

10

15

20

25

30

35

40

45

50

55

sembly.

[0068] In a preferred example the hybrid assembly fur-
ther comprises a heater assembly or a melt release mod-
ule with a heating element for releasing a piercing proc-
ess with the needle assembly. The heater assembly is
supported by the non-conductive body.

[0069] The releasing of the piercing process may in-
volve a linear or rotational movement of the needle as-
sembly from an initial or start position to an extended
position, where the cannula has pierced the skin of the
user. The heating element of the heater assembly pref-
erably melts or breaks a fuse, which holds the biased
needle assembly or cannula moving assembly in its initial
position. Ifthe fuse is melted or broken an insertion trigger
or retaining means of the hybrid assembly breaks or ex-
pands such that the biased needle assembly or cannula
moving assembly is free to move the cannula and to
pierce the skin of the user with a portion of the needle
assembly.

[0070] The heater assembly with the heating element
is preferably directly or indirectly via a further element
supported by the non-conductive body and arranged on
said non-conductive body.

[0071] For controlling the insertion process the hybrid
assembly preferably comprises a printed circuit board
(Reservoir unit printed circuit board, PCB-RU) supported
and held by the non-conductive body. The heating ele-
ment of the heater assembly and other controlling ele-
ments may be arranged on the PCB-RU.

[0072] Preferably, a holding structure for rigidly holding
the PCB-RU on the non-conductive body is integrated
into the non-conductive body as one unitary component.
The structure may comprise pins, tabs or arms formed
as one unitary component. The PCB-RU may be fixed to
holding structure, for example, by an adhesive, by heat
staking or by a snap lock.

[0073] The design of a sealing for a drug delivery de-
vice is not an isolated task. Fluid-tightness is always de-
fined for a specific area or volume, according to pressure
requirements derived from the intended functionality. To
arrive at the design of the current invention, the following
pressure requirements have been specified:

- to allow successful filling of the reservoir through a
fill port in the housing, at least the reservoir sealing
and the fill port sealing are fluid-tight to a filling pres-
sure of at least 6 bar

- to allow successful occlusion detection, at least the
sealing of the fluid path of the medicament is fluid-
tight to an occlusion pressure of at least 2 bar

- to allow successful protection from ingress from the
environment, at least the sealing of the housing is
fluid-tight to an environmental overpressure of at
least 0.24 bar.

[0074] Itis particularly important to fulfil these require-
ments and find an overall optimum for sealing at all in-
terfaces relevant for the function of the drug delivery de-
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vice. It is further evident that the values of the pressure
requirements given above are just examples to explain
the advantages of the present invention, and shall by no
means restrict the application of the concepts described
in this invention to a specific pressure range.

[0075] In athird aspect of the presentinvention, a con-
cept for an improved fill port assembly is described over-
coming the drawbacks of the prior art. The improved fill
port assembly ensures fluid-tightness at filling pressure,
facilitates easy assembly, enhances the longevity and
robustness of the device, and may additionally fixate the
reservoir with respect to the housing.

[0076] This objective is solved by a drug delivery de-
vice for delivery of a medicament from a reservoir to a
patient, comprising: a housing comprising a wall sepa-
rating an interior volume from the exterior, a reservoir
being located in the interior volume, a fill port assembly
located in the wall of the housing and accessible from
the exterior for filling the reservoir, the fill port assembly
comprising a cone shaped opening for receiving a needle
and a pierceable fill port sealing separating the reservoir
from the exterior, characterised by that the fill port as-
sembly comprises an insert adapted to be received by a
passage in the wall of the housing and wherein the fill
port sealing fulfils a sealing function between the housing
and the reservoir. The sealing between the housing and
the reservoir is provided to make sure no fluid may pass
between the reservoir and the wall of the housing.
[0077] The currentaspect of the invention is preferably
applied to a drug delivery device for delivery of a medi-
cament from a reservoir, the medicament preferably be-
ing a liquid or a solid that is reconstituted prior to the
injection. The reservoir may be a cartridge or non-col-
lapsible reservoir or collapsible reservoir made from a
flexible material. The drug delivery device comprises a
housing comprising a wall separating an interior volume
from the exterior. The housing may be constructed in any
numberof components connected togetherto forma sub-
stantially closed shell around the interior volume. The
reservoir is located in the interior volume. A fill port as-
sembly is located in, or is part of, the wall forming the
housing and is accessible from the exterior for filling the
reservoir. The reservoir may be filled at the factory or the
user fills the reservoir prior to use. Preferably, the reser-
voir is a multiple use reservoir. Optionally, the reservoir
is filled only once and the unit comprising the reservoir
is discarded after use. The fill port assembly comprises
a cone or conical shaped opening adapted to receive a
needle. The cone shaped opening facilitates the entry of
the needle of a filling or transfer device, for example a
syringe, containing the medicament for filling an empty
reservoir with the medicament. The fill port assembly
comprises a pierceable fill port sealing separating the
reservoir from the exterior. The pierceable fill port sealing
may comprise a pierceable septum. The fill port sealing
orthe septum ofthe sealing may be pierced by the needle
forfilling the reservoir. Furthermore, the fill port assembly
comprises an insert which is adapted to be received by
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a passage in the wall of the housing or to be received in
the fill port sealing whereby the latter is received in the
passage of the housing. The fill port assembly is assem-
bled from exterior of the housing. The fill port sealing
provides a sealing between the housing and the reser-
voir. The fill port sealing may provide a plurality of seal-
ings to different sections or components within the drug
delivery device and the sealing may be a direct sealing
between the housing and the reservoir or an indirect seal-
ing via other housing parts. Combining multiple sealings
in the fill port assembly may reduce the number of parts
needed. Using an insert as part of the fill port assembly
has the advantage that during assembly the insert is in-
serted from the outside into the passage in the wall there-
by also possibly fixating other parts (for example housing
parts) or components such as the reservoir with respect
to at least part of the housing of the drug delivery device
or the reservoir unit of the drug delivery device and si-
multaneously establishing the sealing or plurality of seal-
ings. Thus the fill port assembly combines the features
of enabling the filling of an empty reservoir, sealing of
the reservoir with respect to the housing and fixation of
the cartridge or reservoir. The use of an insert separate
from the housing has the advantage that the two parts
can be adapted to their specific needs. The insert may
be made from a different material than the housing and
thus reduce manufacturing costs or made of a material
having a different stiffness or wear resistance, with the
effect of reducing the risk of particle abrasion, needle
clogging or needle damage. The cone shaped opening
further facilitates the needle insertion through the fill port,
especially for the visually impaired users.

[0078] Theinsertofthe drug delivery device preferably
comprises the cone shaped opening and the cone
shaped opening extends from a base. The cone shaped
opening defines a longitudinal axis and the base is pref-
erably connected to the larger diameter access of the
cone and is oriented perpendicular to the longitudinal ax-
is. The outer dimensions of the base fit into a first recess
or recessed section of the housing or the wall of the hous-
ing. The cone shaped opening of the insert is thus adapt-
ed to receive and guide the needle tip, for example to-
wards the septum of the fill port sealing. The cone shaped
opening has an angle with respect to the longitudinal axis.
The opening of the cone is wide to facilitate access of
the needle tip. The cone angle between the longitudinal
axis and the cone surface ranges between 20 and 40
degrees, more preferably between 25 and 35 degrees,
most preferably the cone angle is approximately 30 de-
grees.

[0079] The fill port sealing is preferably sandwiched
between the base of the insert and the wall of the housing
to provide a first sealing between the insert and the hous-
ing..The first sealing prevents leakage of fluids and/or
gases from inside the housing to the exterior, or reversed
contamination from the exterior entering into the housing.
The first sealing may be part of a sterility concept to pro-
tect parts inside the housing from the ambient. The first
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sealing may enhance the shelf life or longevity of the
device.

[0080] The fill port sealing comprises a flange or a rim
which is preferably made from compressible or elastic
material such as an elastomer. The flange is adapted to
be received in a second recess or recessed section sur-
rounding the passage in the wall of the housing. The first
recessed section for the insert may be different from the
second recessed section for the flange of the fill port seal-
ing. Both recessed sections surround the passage and
the second recessed section for the flange may be deep-
er compared to the first recessed section for the insert.
The second recessed section for the flange is adapted
to receive the flange or rim and preferably has a lateral
dimension smaller than the lateral dimensions of the first
recessed section adapted to receive the base of the in-
sert. Preferably the flange is sandwiched between the
insert (or the base of the insert) and the wall. The first
sealing is preferably an axial sealing oriented along the
longitudinal axis of the conical shaped opening and lo-
cated between the base of the insert and the housing or
the recessed section surrounding the passage of the
housing. Reception of the flange of the fill port sealing in
the second recessed section in the wall secures the fill
port sealing from lateral movement and aligns the parts,
e.g. passage in the housing, fill port sealing and insert
prior to final assembly and/or fixation of the cartridge.
The wall of the housing in the second recessed section
configured to receive the fill port sealing and/or the base
of the insert facing the fill port sealing may have protru-
sions or protruding structures to locally compress the re-
silient sealing material of the flange.

[0081] The drug delivery device may further be im-
proved by a fill port additionally sealing an inlet of the
reservoir. The inlet of the reservoir is preferably oriented
parallel to the longitudinal axis of the fill port assembly
(e.g. parallel to the longitudinal axis of the cone shaped
opening) and the inlet of the reservoir is aligned with re-
spect to the passage in the housing once the device has
been assembled. The inlet of the reservoir is preferably
oriented perpendicular to the longitudinal axis of the res-
ervoir. The inlet of the reservoir is also aligned with re-
spect to the cone shaped opening and the septum that
is part of the fill port sealing such that penetration of the
septum by the needle ensures that medicament can be
filled into the reservoir.. The fluid port assembly thus pro-
vides a fluid tight closure of the reservoir, preferably of
the inlet of the reservoir and thus preventing leakage of
medicament from the reservoir into the housing or to the
exterior. The fluid port assembly also prevents contam-
ination from the exterior entering the reservoir and may
be part of a sterile barrier.

[0082] The fill port sealing of the drug delivery device
may provide a second sealing between thefill port sealing
and the inlet of the reservoir and the sealing is preferably
oriented in a radial direction perpendicular to the longi-
tudinal axis of the cone shaped opening. The second
sealing is preferably axially displaced from the first seal-
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ing. Two sealing functions in one part are enabled by
locating the two sealings at different locations, both hav-
ing (independent) sealing properties and the material or
dimensions may be adapted to the specific needs.
[0083] Preferably, the insert and the fill port sealing
fixate the reservoir with respect to the housing. Thus by
inserting the fill port sealing and insert from the outside
into the housing, the reservoir is fixated which is prefer-
ably already presentinside the housing. The fixation may
be based on a form-fit fixation, alternatively using a fric-
tion or force fit. The fixation may additionally benefit from
a snap-fit connection between the reservoir, or the inlet
of the reservoir and at least one of the parts forming the
fill port assembly . The fixation preferably uses the fill
port assembly or parts thereof being at least partially lo-
cated inside the inlet of the reservoir. Alternatively a neck
section or the body of the reservoir is used for the fixation.
Using the fill port assembly additionally for reservoir fix-
ationimplies that sealing and fixation are combined which
improves the assembly of the device and reduces parts.
[0084] Preferably, the fill port sealing comprises a bore
extending from the flange and ending in the pierceable
septum. The bore may be formed by a cylindrical section
connecting the pierceable septum to the flange of the fill
port sealing. Preferably, the pierceable septum forms the
end of the bore. The cylindrical section preferably con-
nects the first and second sealings.

[0085] Preferably the insert of the drug delivery device
comprises a sleeve extending from the cone shaped
opening, starting from the narrow section of the cone
shaped opening and the sleeve is adapted to be received
within the bore of the fill port sealing. The cone thus may
connect the base to the sleeve. The sleeve is connected
to the narrow end of the cone shaped opening and pref-
erably extends along the longitudinal axis of the cone.
The sleeve guides the needle tip from the cone shaped
opening towards the pierceable septum of the fill port
sealing. The guidance ensures that the septum is pierced
perpendicular to a membrane forming the septum to pre-
vent tearing of the septum and leakage along the needle
during filling of the reservoir. The guidance also prevents
the needle from getting in contact with the inner wall of
the inlet, which would bear the risk of abrading particles
from the inlet wall and of reducing the depth of piercing.
Furthermore, the sleeve of the insert is coaxially arranged
within the bore formed by the cylindrical section of the fill
port sealing. The sleeve of the insert, the cylindrical sec-
tion of the sealing and the inlet of the reservoir may be
coaxially arranged for insertion of the insert and sealing
during assembly and for reservoir fixation of the assem-
bled device. The reservoir may be fixated by mounting
the fill port assembly since the base of the insert is fixated
in at least one of the recessed sections of the housing
and prevents lateral movement of both the fill port sealing
and the reservoir.

[0086] Preferably, an outside surface of the fill port
sealing or an outside surface of the cylindrical section is
at least partially received in the inlet of the reservoir.
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[0087] The outside surface of the cylindrical section is
preferably press fitted into the inlet of the reservoir-there-
by a) establishing the second sealing (due to resilience
or partial resilience of outside surface of the cylindrical
section) and b) fixating the reservoir from lateral move-
ment. The fill port assembly may fixate the reservoir such
that there is a shock absorber between the reservoir and
the housing, preferably due to the elastic properties of
the outside surface of the cylindrical section engaging
the inlet of the reservoir. This is advantageous for the
device as it improves the impact resistance, for example
during a drop test.

[0088] The insert for the drug delivery device is made
from a metal such as steel, preferably stainless steel or
aluminium. Alternatively, the insertis made from a plastic
material coated with a metal layer or from a plastic ma-
terial that is strengthened with a mineral filler such as
glass, zirconia or aluminium oxide particles. One advan-
tage of using a metal or a toughened plastic is to prevent
the needle tip from abrading particles from the insert or
even getting stuck in the insert. Another advantage of
using a metal or a toughened plastic is to improve the
wear resistance of the insertto an extentthatthe reservoir
may be used multiple times, e.g. a needle is guided and
inserted through the fill port assembly multiple times with-
out damaging the insert. Therefore the longevity of the
insert, and therewith the device, particularly for a re-us-
able device may be improved.

[0089] Thefill port sealing preferably comprises a ther-
moplastic polymer and an elastomer. Preferably, the
elastomer surrounds the thermoplastic polymer. The ad-
vantage is that the thermoplastic polymer has a higher
modulus for providing the mechanical strength for fixation
of the reservoir, while at the same time improving suita-
bility for assembly during manufacturing of the pump. The
advantage of using the elastomer is that the elasticity is
beneficial for forming the sealings and optionally for the
shock absorber. Examples for the thermoplastic poly-
mers may be polybutylene terephthalate (PBT), polycar-
bonate or polycarbonate alloys such as cycoloy, acrylo-
nitrile butadiene styrene copolymers (ABS) or a high
modulus polyurethane (PUR). Examples for the elas-
tomer may by an EPDM rubber, polydimethylsiloxane
rubber PDMS, preferably in LSR form or an elastomeric
polyurethane (PUR) or a thermoplastic elastomer (TPE).
The thermoplastic polymers and elastomers are prefer-
ably selected to fulfil the biocompatibility requirements
according to ISO 10993 as parts of the fill port sealing
may be in contact with the medicament. The thermoplas-
tic polymer and elastomer are preferably injection mould-
ed using 2-componentinjection moulding, thereby reduc-
ing the number of parts as a plurality of functions are
combined in a single part.

[0090] The insert of the fill port assembly, more pref-
erably the base of the insert comprises a recess or an
opening or cut-out configured to receive a fixation pin
extending from the wall of the housing. The insert may
comprise a plurality of recesses, openings or cut-outs
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adapted to engage a plurality of fixation pins. The fixation
pins are preferably integrally formed on the housing and
made from a thermoplastic polymer. The fixation pins are
oriented substantially parallel to the cone axis and the
engagement between the cut-outs and the fixation pins
ensure that after mounting the insert is correctly aligned
with the other parts of the fill port assembly and the hous-
ing. The engagement between the fixation pins and the
openings facilitate the assembly and ensure that the in-
sert is rotationally fixed with respect to the housing. The
insert may be fixed to the housing by heat staking of at
least one of the fixation pins e.g. by heating and deform-
ing a fixation pin. This axial and rotational fixation is fun-
damental for reliable and sufficient contact pressure of
the fill port sealing and hence for achieving the intended
sealing function of the fill port up to the specified filling
pressure.

[0091] The drug delivery according to this aspect of
the current invention allows the assembly of the fill port
from exterior of the housing, and uses a separate insert
for fixation of the septum and of the reservoir. The insert
may be made from a different material compared to the
housing material.

[0092] The current aspect of the invention also in-
cludes providing an improved method for assembling the
drug delivery device with a fill port according to the de-
scription above, comprising the steps of:

- providing the housing, the reservoir, the fill port seal-
ing and the insert

- inserting the reservoir from the exterior into the hous-
ing along an axis that is perpendicular to the cone
axis, followed by

- inserting the fill port sealing from the exterior along
the cone axis into the passage 211c in the wall of
the housing, followed by

- inserting the insert from the outside in the fill port
sealing thereby sandwiching the fill port sealing
(preferably the flange of the fill port sealing) between
the insert (preferably the base of the insert) and the
housing and establishing the first and second seal-
ings and fixate the reservoir to the housing.

[0093] The method may additionally comprise the fol-
lowing step:

Positioning the opening or cut-out of the insert on the
fixation pin extending from the wall of the housing of the
drug delivery device or the disposable unit, followed by
heat staking of the fixation pin to fixate the insert to the
housing. Alternatively the insert may be fixated to the
housing using ultrasonic welding, laser welding, using an
adhesive or heat welding.

[0094] In a 4th aspect of the present invention, a con-
cept for an improved sealing of a drug delivery device is
described at the interface of the reservoir and the needle
assembly leading the drug out of the reservoir towards
the cannula. The reservoir outlet sealing design ensures
fluid-tightness at occlusion pressure, facilitates easy as-
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sembly and enhances the longevity and robustness of
the device.

[0095] This objective is solved by a drug delivery de-
vice comprising a housing with a reservoir located inside
the housing to contain a drug; a needle assembly with
an input portion and an output portion; and a pierceable
reservoir outlet seal; whereby the reservoir comprises an
at least partially rigid reservoir housing with an at least
partially cylindrical reservoir outlet sealing cavity, inte-
grated into the reservoir housing as a unitary component;
the reservoir outlet sealing is at least partially cylindrical
and configured to be inserted into the reservoir outlet
sealing cavity during manufacturing of the patch pump,
to be pierced by the input portion of the needle assembly
during manufacturing, and to form a fluid-tight connection
between the reservoir and the input portion of the needle
assembly. The at least partially cylindrical design of the
reservoir outlet sealing contributes to ensuring fluid-tight-
ness at the filling and/or occlusion pressure and to an
easier assembly process compared to other geometries.
In a variation of this design, the soft reservoir outlet seal-
ing may be manufactured together with the rigid reservoir
housing using 2-shotinjection moulding as a unitary com-
ponent.

[0096] In a 5th aspect of the present invention, a con-
cept for an improved sealing of a drug delivery device is
described at the interface of the rigid cannula as part of
the input portion of the needle assembly, and the soft
cannula as part of the output portion of the needle as-
sembly. The soft cannula input sealing design ensures
fluid-tightness at occlusion pressure, facilitates easy as-
sembly and enhances the longevity and robustness of
the device.

[0097] This objective is solved by a drug delivery de-
vice comprising a housing with a reservoir located inside
the housing to contain a drug; a needle assembly with
an input portion and an output portion; whereby the nee-
dle assembly comprises a soft cannula having an open
distal end, and a rigid cannula at least partially and slid-
ably disposed in an inner soft cannula lumen of the soft
cannula; the proximal input end of the rigid cannula is
part of the input portion of the needle assembly and the
distal output end of the soft cannula is part of the output
portion of the needle assembly; whereby the proximal
input end of the soft cannula forms a sliding soft cannula
input sealing configured to slide on the rigid cannula while
applying a tightening pressure to ensure afluid-tight seal-
ing at the occlusion pressure.

[0098] In a 6th aspect of the present invention, a con-
cept for an improved sealing of a drug delivery device is
described at the interface of the housing and the output
portion of the needle assembly. The improved exit port
sealing ensures fluid-tightness of the housing at environ-
mental pressure, reduces the number of components of
the drug delivery device, facilitates easy assembly, saves
cost and enhances the longevity and robustness of the
device.

[0099] This objective is solved by a drug delivery de-
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vice comprising a housing with an enveloping surface,
separating an interior volume from the exterior; a reser-
voir located inside the housing to contain a drug; a needle
assembly with an input portion and an output portion; and
an exit port assembly, whereby the housing comprises
at least two components, configured to be attached to
one another to form a protective shell of the drug delivery
device; the reservoir comprises a reservoir outlet coupled
to the input portion of the needle assembly; the housing
comprises an exit port opening to provide a passage for
the output portion ofthe needle assembly from the interior
of the housing to the exterior; the exit port assembly is
configured to form a fluid-tight connection between the
housing and the output portion of the needle assembly;
the exit port assembly comprises a rigid exit port sealing
holder with an at least partially tubular exit port channel
defining an exit port channel axis configured to receive
the output portion of the needle assembly, and a soft exit
port sealing attached to the rigid exit port sealing holder
during manufacturing of the drug delivery device; the soft
exit port sealing is configured to be pierced by the output
portion of the needle assembly during manufacturing of
the drug delivery device; and whereby the soft exit port
sealing is further configured to provide a fluid-tight clo-
sure of the exit port opening of the housing when the exit
port assembly is mounted on the housing.

[0100] Three exemplary approaches to realise this
concept are explicitly described in the following para-
graphs.

[0101] One exit port sealing design according to the
concept as described is realised by using a 2-shot injec-
tion moulding process to manufacture the exit port as-
sembly as a unitary component comprising the rigid exit
port sealing holder and the soft exit port sealing.

[0102] Another exit port sealing design according to
the concept as described is realised by joining the exit
port assembly together with one of the at least two hous-
ing components and by using a 2-shot injection moulding
process to manufacture the exit port assembly as a uni-
tary component comprising at least one of the at least
two housing components, the rigid exit port sealing hold-
er, and the soft exit port sealing. By including a part of
the housing, this multi-functional component may partic-
ularly include other sealings of the housing, such as the
sealing atthe mechanical interface between the reservoir
unit and the pump unit of a semi-disposable patch pump.
[0103] A further exit port sealing design according to
the concept as described is realised by adapting the rigid
exit port sealing holder to further include an exit port seal-
ing plug cavity defining an exit port sealing plug cavity
axis, and open on at least one end to receive the soft exit
port sealing; the exit port sealing plug cavity is arranged
to intersect the exit port channel with an angle of at least
10 degrees, preferably at least 45 degrees between the
exit port channel axis and the exit port sealing plug cavity
axis; the exit port sealing plug cavity axis and the exit
port channel axis intersect at an angle of at least 10 de-
grees, preferably at least 45 degrees; the soft exit port
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sealing is inserted into the exit port sealing plug cavity
during manufacturing of the drug delivery; and the soft
exit port sealing is configured to tightly close the exit port
sealing plug cavity and the exit port opening when mount-
ed in the rigid exit port sealing holder.

[0104] A further advantageous feature of the exit port
sealing design according to the concept as described is
realised by modifying the exit port sealing plug cavity to
include a constriction and/or flattening at the exit port
opening to improve pressing and/or shaping of the soft
exit port sealing atthe intersection with the exit port chan-
nel. Increased pressing brings fluid-tightness at a higher
pressure, a flat shape of the exit port sealing is easier to
pierce during manufacturing.

[0105] A further advantageous feature of the exit port
sealing design according to the concept as described is
realised by modifying, in one of the devices described
before, the shape of the housing, and by introducing a
recess from the enveloping surface of the housing at the
exit port opening. With the exit port located in a recess,
the patch pump can be manufactured ready to use with
the output portion of the needle assembly already going
through the exit port, providing adequate sealing and
ease of use without having any part protruding from the
enveloping surface of the housing. Further, the recess in
the housing forms an external exit port chamber between
the recessed exit port opening and the enveloping sur-
face of the housing, which allows filling of the reservoir
and filling of the fluid path prior to use without risk of
injecting any medicament into the body of the patient. By
filling the fluid path with medicament before inserting the
cannula into the body of the patient and before starting
the drug delivery the pump avoids infusing air instead of
medicament at the beginning of the infusion process and
improves the accuracy of drug delivery.

[0106] The features of the exit port sealing design ac-
cording to the concept as described, regardless of the
approach for realisation, are especially advantageous to
a semi-disposable patch pump with a needle assembly,
whereby the needle assembly comprises a soft cannula
having an open distal end, arigid cannula at least partially
and slidably disposed in an inner soft cannula lumen of
the soft cannula, and a needle insertion mechanism con-
figured to bring the output portion of the needle assembly
with at aleast the open distal end of the soft cannula from
a first position inside the exit port chamber to a second
position outside the exit port chamber in the exterior of
the housing. Such an insertion mechanism substantially
improves ease of use.

[0107] In a 7t aspect of the present invention, a con-
cept for an improved sealing of a patch pump is described
at the interface of the housing and the environment in
the area of the exit port prior to the application of the
pump to the body of the patient. The exit port lid design
ensures fluid-tightness at a minimal filling pressure as
specified for the use of the patch pump, supports the
process of filling and priming and facilitates easy assem-
bly and use of the device.
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[0108] This objective is solved by a drug delivery de-
vice with an exit port located in a recess of the housing
- like for example the device described in the previous
aspect of the invention - and an exit port lid, whereby the
exit port lid is removably attached to the housing at a
portion of the housing surrounding the exit port opening;
the exit port lid covers the exit port chamber in a way that
prevents fluid from entering or leaving the exit port cham-
ber while letting air pass; the exit portlid includes a mem-
brane of any semi-permeable material adapted to allow
air to pass through while stopping liquid from passing;
the exit portlid includes amembrane reinforcing structure
permanently fixed to the membrane to ensure the mem-
brane is not damaged in the process of removing the exit
port lid from the housing. Such a membrane reinforcing
structure may be a plastic sheet with a cut-out for the exit
port opening.

[0109] In a 8t aspect of the present invention, a con-
ceptforanimproved sealing of a patch pump is described
at the interface of the housing and the environment in
the area of the exit port after attaching the pump to the
body of the patient. The design of the housing and the
design of the adhesive patch assembly improve the re-
liability and robustness of drug delivery, while also pro-
viding an easier and more comfortable use of the patch
pump.

[0110] This objective is solved by a drug delivery de-
vice as described before and used as a patch pump with
an adhesive patch assembly to attach the pump to a pa-
tient, whereby the adhesive patch assembly comprises
an adhesive layer configured to attach the adhesive
patch assembly to the patient after preparation of the
patch pump for drug delivery; the adhesive patch assem-
bly comprises a removable adhesive release liner to pro-
tect the adhesive layer from unintended adhering prior
to use, in particular during preparation of the patch pump
for drug delivery; the exit port lid is fixed permanently to
the adhesive release liner and removably connected to
the housing; and the exit port lid is configured to be re-
moved from the housing together with the adhesive re-
lease liner during preparation of the patch pump for drug
delivery.

[0111] The effect of the design of the housing and the
adhesive patch assembly in the area of the exit port is
especially advantageous for a patch pump as described
before, whereby the housing further comprises a mem-
brane carrying structure arranged around the exit port
chamber; the membrane carrying structure is adapted to
protrude from the housing towards the exterior by a height
substantially the same as the thickness of the adhesive
patch assembly; the membrane carrying structure is con-
figured to provide contact with the exit port lid in a status
where the exit port lid is removably attached to the hous-
ing; the membrane carrying structure is configured to pro-
vide a fluid-tight connection between the exit port lid and
the housing during preparation of the patch pump for drug
delivery and thereby tightly close the exit port chamber.
[0112] While a reliable attachment of the adhesive
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patch assembly to the body of the patient, in particular
in the area of the exit port, is important for the reliability
of the drug delivery, a further improvement of the patch
pump design at the interface of the housing and the en-
vironment in the area of the exit port is to introduce, at a
distance from the exit port, a number of airing channels.
They allow air and/or humidity leave the interface and
improve the adherence of the patch pump to the body of
the patient during drug delivery. This is realised with a
patch pump as described before, whereby the housing
and/or the adhesive patch assembly further comprises
at least one ventilation structure with at least one inner
end closed and arranged at a horizontal distance of 1
mm to 20 mm, preferably 5 mm to 10 mm from the exit
port chamber, and at least one outer end left open and
arranged at the peripheral edge of the housing and/or
the adhesive patch. The horizontal distance of the airing
channel from the exit port chamber is important to main-
tain a tight closure around the exit port and avoid a con-
nection of the ventilation structure with the exit port cham-
ber. The ventilation structure is configured to let air pass
fromthe inner end to the outer end and to the environment
of the patch pump. During drug delivery, the airing chan-
nel formed by the ventilation structure may be on the
surface of the body of the patient - if the ventilation struc-
ture is realised in the adhesive patch assembly - or more
towards the housing - if the ventilation structure is formed
by the housing or by an other layer of the adhesive patch
assembly.

BRIEF DESCRIPTION OF THE DRAWINGS

[0113] The subject matter of the invention will be ex-
plained in more detail in the following text with reference
to preferred exemplary embodiments which are illustrat-
ed in the attached drawings, in which:

Fig. 1 depicts a perspective view of a patch pump
as seen from above (away from patient,
left) and from below (towards the patient,
right);

Fig. 2a,b refer to the mechanical interface between
the pump unit and the reservoir unit;

Fig. 2a depicts the drive mechanism of the
patch pump across the two units;

Fig. 2b depicts the bayonet connection be-
tween the pump unit and the reservoir unit
of a patch pump;

Fig. 3a,b refer to the step of attaching the Pump Unit
to the Reservoir Unit of a patch pump;
Fig. 3a depicts the patch pump with the
pump module connecting the bayonet of
the reservoir module at an angle of 30°;
Fig. 3bdepicts a cutacross the patch pump
at the locking mechanism, with locking
mechanism closed (left: complete cut,
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right: enlarged view of the locking mecha-
nism);

depicts the patch pump attached to the
body of a patient and ready for drug deliv-

ery;

depicts the reservoir unit of the patch pump
without the front side of the housing and
the adhesive release liner;

refer to a perspective view of the hybrid
assembly with the cannula moving assem-
bly;

Fig. 6a depicts a perspective view of the
hybrid assembly with the cannula moving
assembly in the initial position;

Fig. 6b depicts the hybrid assembly of fig-
ure 6a but with the cannula moving assem-
bly in the extended position;

depicts a bottom view of the hybrid assem-
bly of figure 6a,b;

refer to a perspective view of the base
frame;

Fig. 8a depicts a perspective view of the
base frame comprising a non-conductive
body and a connector structure;

Fig. 8b depicts a perspective view of the
non-conductive body of the base frame,
bottom-up;

Fig. 8c depicts the connector structure of
the base frame.

refer to a perspective view of the reservoir
unitwith afill port, after fixation by hot stem-
ming;

Fig. 9a depicts a perspective view of ares-
ervoir unit, partially assembled and turned
bottom up to show the fill port at the bottom
of the unit;

Fig. 9b depicts a cross section of the res-
ervoir unit with fixated fill port assembly
and reservoir inlet;

depicts the cross section of a reservoir unit
from figure 9a,b as seen before fixation of
the fill port by heat staking;

depicts a cross section of the reservoir unit
from figure 9a,b with inserted fill port seal-
ing, without the insert;

depicts a cross section of the reservoir unit
from figure 9a,b before mounting the fill
port assembly;
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depicts a perspective view of the insert;

depicts the fill port sealing in a perspective
view (left) and a cross section (right);

depicts a perspective view of a reservoir
including plunger;

depicts an exploded view of the reservoir
unit showing the insertion of the cartridge
and of the fill port assembly into the reser-
voir unit housing to form the reservoir unit;

depicts a perspective view of a pump unit
with housing removed;

depicts a perspective view of a reservoir
unit with part of the housing removed

depicts a patch pump with areservoir outlet
seal, cut across the reservoir outlet

depicts a cut across a patch pump with a
soft cannula input sealing;

refer to a schematic view of a patch pump
with an exit port;

Fig. 21a depicts a patch pump with an exit
port in a flat area of the housing

Fig. 21b depicts a patch pump with an exit
port in a housing with a recess at the exit
port

refer to the exit port assembly of a first pre-
ferred embodiment of an exit port;

Fig. 22a depicts a preferred embodiment
of the exit port assembly in perspective
(left) and cut across (right);

Fig. 22b depicts a cut across an embodi-
ment of a patch pump with the exit port as-
sembly of figure 22a, fully assembled;

refer to the exit port assembly of a second
preferred embodiment of an exit port;

Fig. 23a depicts a preferred embodiment
of the exit port assembly in perspective
view, cut through the exit port channel;
Fig. 23b depicts a preferred embodiment
of the exit port assembly cut across (right);
Fig. 23c depicts a cut across an embodi-
ment of a patch pump with the exit port as-
sembly of figure 23a, fully assembled;

refer to the exit port assembly of a third
preferred embodiment of an exit port;

Fig. 24a shows a housing component with
integrated rigid exit port seal holder in a
perspective view from outside (left) and a
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Fig. 25a-e

Fig. 26a-c

Fig. 27

[0114]

28

cut across the exit port (right), before in-
serting the soft exit port sealing;

Fig. 24b depicts a cut through the exit port
channel seen from inside the housing to
further illustrate the exit port sealing plug
cavity before assembly;

Fig. 24c depicts a cut through the exit port
channel seen from inside the housing with
the soft exit port sealing mounted into the
exit port sealing plug cavity;

Fig. 24d depicts a cut across the exit port
after piercing the sealing by the needle as-
sembly;

refer to the exit port assembly of a fourth
preferred embodiment of an exit port;

Fig. 25a shows a housing component with
integrated rigid exit port seal holder in a
perspective view from outside (left) and a
cut across the exit port (right), before in-
serting the soft exit port sealing;

Fig. 25b depicts a cut through the exit port
channel seen from inside the housing to
further illustrate the exit port sealing plug
cavity before assembly;

Fig. 25¢ depicts a cut through the exit port
channel seen from inside the housing with
the soft exit port sealing mounted into the
exit port sealing plug cavity;

Fig. 25d depicts a soft exit port sealing, be-
fore (left) and after (right) insertion into the
exit port sealing plug cavity of figure 25b
Fig. 25e depicts a cut across the exit port
after piercing the sealing by the needle as-
sembly;

referto a an exit port with an exit port cham-
ber and an exit port lid;

Fig. 26a depicts an exit port lid closing the
exit port chamber;

Fig. 26b depicts an exit port lid in an em-
bodiment with a membrane carrying struc-
ture

Fig. 26¢ depicts an exploded view of an
adhesive assembly combined with an exit
port lid;

depicts ventilation grooves at the bottom
of a patch pump;

The reference symbols used in the drawings,

and their primary meanings, are listed in summary form
in the list of designations. In principle, identical parts are
provided with the same reference symbols in the figures.
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DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS

[0115] As outlined in the introductory paragraphs the
presentinvention has a number of aspects, all contribut-
ing to an overall optimum of an improved drug delivery
device which is accurate, reliable and easy to use while
still suitable for conducting complex therapies at as low
cost as possible. While most preferred embodiments are
explained using the example of a wearable patch pump
as shown in figures 1 and 2a,b, it is evident that the same
aspects of the current invention may also be used to im-
prove any other kind of drug delivery devices, wherever
a comparable feature is present. Cost effectiveness is
particularly realised by the introduction of new and im-
proved manufacturing and/or assembly methods for the
drug delivery device as described under the aspects to
follow.

[0116] Figure 1 depicts a perspective view of a pre-
ferred embodiment of a drug delivery device according
to the present invention. The drug delivery device is re-
alised as a patch pump 1. The patch pump 1 comprises
areusable pump unit 100 and a disposable reservoir unit
200. The reservoir unit 200 comprises a reservoir to store
the medicament and a needle assembly with a fluid path
to bring the drug from the reservoir into the body of the
patient. At the bottom of the reservoir unit 200 an adhe-
sive patch assembly 280 is included to attach the patch
pump 1 to the body of the patient. The pump unit 100 is
releasably and sealingly connected to the reservoir unit
200 by a bayonet connection. Figure 1 (left) shows the
complete patch pump 1 with both units connected and
seen from a position above the pump. In the context of
the present invention, "above" or "top" refers to the side
of the pump which is facing away from the patient’s body
whenthe pumpis attached to the patient for drug delivery.
Consequently, "bottom" or "base" refers to the side of the
pump facing towards the patient’s body during drug de-
livery. In figure 1 (left), the arrow 114 indicates the direc-
tion towards the opening side of the patch pump 1, where
the pump unit 100 is lifted off the bottom of the reservoir
unit 200. Figure 1 (right) shows the same pump turned
around for a bottom view of the patch pump 1, with the
adhesive patch assembly 280.

[0117] As illustrated in figure 2a, the pump unit 100
comprises a drive mechanism for driving the plunger rod
122, an encoder to supervise the movement of the drive
mechanism, arechargeable battery and a programmable
electronic system control circuitry configured to control
the set-up, drug delivery and supervision of the pump.
The battery can be recharged by a further battery in the
disposable reservoir unit 200 while the drive mechanism
is connected to the reservoir unit 200.

[0118] The drive mechanism 120 acts mechanically
from a threaded rod 125 via plunger rod 122 on a plunger
221 in the reservoir 222 to dispense the medical sub-
stance out of the reservoir 222. A needle assembly 260
inside the reservoir unit provides the fluid connection
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from the reservoir 222 to the exterior of the pump for
application to the patient. To ensure safe handling, the
patch pump is manufactured, shipped, stored and pre-
pared for use with the needle assembly 260 completely
inside the enveloping shape of the pump 1. The envel-
oping shape is an imaginary surface enveloping the
housing of the pump 1 while smoothly bridging all gaps
and recesses, should any be present, to a closed shell.
It is the shape of the pump 1 as perceived by the user
from a distance and relevant when it comes to aspects
of use like handling or wearability. Preparation of the
patch pump in this embodiment includes filling the res-
ervoir inside the reservoir unit 200 from the exterior using
a transfer syringe and attaching the pump to the body of
the patient by means of the adhesive patch assembly
280. An inserter assembly is included in the reservoir unit
200 and configured to bring an output portion of the nee-
dle assembly 260, in particular the open distal end of the
needle assembly 260, out of the enveloping shape of the
pump and into the body of the patient once the pump is
ready to start drug delivery. In a preferred embodiment
of a patch pump the needle assembly 260 includes a rigid
cannula and a soft cannula, and the inserter is configured
to insert the distal end of the soft cannula into the body
of the patient using the rigid cannula, which will subse-
quently be retracted for drug delivery.

[0119] A rechargeable battery provides the power for
the drive mechanism and for a system control circuitry.
The latter controls the drive mechanism and may ex-
change data with an external controlling device, for ex-
ample, via wireless data connection. Furthermore, the
rechargeable battery may provide power for the inserter
assembly in the reservoir unit 200.

[0120] Figure 2b shows the semi-disposable patch
pump from figure 1 with the pump unit 100 and the res-
ervoir unit 200 detached and separated, in a view from
above, with the adhesive patch assembly 280 at the bot-
tom towards the body of the patient, and the bayonet
connection 212a in a disengaged state.

[0121] A first set of preferred embodiments illustrates
the first aspect of the present invention. They are based
on the wearable, semi-disposable patch pump shown in
figures 1 and 2a,b as described before. They are further
detailed in the following paragraphs.

[0122] The general aim of the invention is to provide a
semi-disposable patch pump, optimised for ease of use,
cost effectiveness and minimum waste. As evident from
the general description of the embodiment of figures 1
and 2a,b, the patient has only two components to assem-
ble: the reusable pump unit 100 with all the components
intended for multiple or continuous use, and the dispos-
able reservoir unit 200 with all the components intended
for single use. Figure 2b shows a preferred embodiment
of the semi-disposable patch pump according to the
present invention with the pump unit 100 and the reser-
voir unit 200 ready for application. The reservoir unit 200
is shown from outside with the reservoir unit housing 211
mounted on the adhesive patch assembly 280, and the
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mechanical interface to the pump unit, in particular the
bayonet connection 212a shown on both units, the rota-
tion axis 212b of the bayonet connection shown on both
units, and the locking structure 212d integrated in the
reservoir unit housing 211. The locking mechanism for
the bayonet connection includes the locking structure
212d on the reservoir unit and a flexible locking spring
113a on the pump unit (see figure 3b). A base plate 211a
is integrated in the reservoir unit housing 211 and forms
the bottom of the housing where the housing is attached
to the adhesive patch assembly 280. Depending on the
embodiment the base plate may be one unitary compo-
nent or a combination of components permanently con-
nected together and attached to the adhesive patch as-
sembly 280. The design of the bayonet connection in-
cludes the definition of an opening side 114 of the pump,
which refers to the general direction or outer face where
the pump unit is lifted off the base plate to open the con-
nection and remove the pump unit. In figure 2b the base
plate is shown with a base plate extension 212c on the
opening side 114. As the pump unit 100 is rotated around
the rotation axis 212b of the bayonet, it is evident that
the base plate extension 212c may only cover an area
on the opening side of the pump starting from the rotation
axis of the bayonet connection because it would other-
wise inhibit connecting the pump unitto the reservoir unit.
[0123] A preferred embodiment of the reservoir unit is
illustrated in figures 16 and 18, with selected parts re-
moved to show the inner components. In particular, the
reservoir 222 is shown with the plunger 221 and the res-
ervoir outlet 222¢ leading to the needle assembly 260
mounted on an inserter assembly 250 which provides an
auto-inserting mechanism. In this embodiment, the res-
ervoir axis 222e along the axial centre of the reservoir
222 and the plunger 221 is arranged to coincide with the
rotation axis 212b of the bayonet connection (figure 2b)
and substantially orthogonal to the wall of the reservoir
unit housing facing the pump unit in a fully assembled
state.

[0124] A preferred embodiment of the pump unit is il-
lustrated in figure 2a,b and figure 17, with selected parts
removed to show the inner components. In particular, the
drive mechanism 120 is shown with the driving means
realised as a threaded rod 125 mounted in and in coop-
eration with a plunger rod 122, with the rechargeable
battery 150 and the system control circuitry 140. The
threaded rod 125 and the plunger rod 122 are arranged
in substantially the same direction as the rotation axis
212b of the bayonet connection and substantially orthog-
onal to the wall of the pump unit housing facing the res-
ervoir unit in a fully assembled state.

[0125] To apply the patch pump 1 and start drug de-
livery the patient takes the reservoir unit 200 out of the
packaging. If the reservoir is not pre-filled with drug the
patient fills the drug into the reservoir 222. The pump unit
100 will typically already be activated from prior use. If
not, the patient may need to perform additional steps
such as unpacking, charging or programming to prepare
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the pump unit. External devices and/or system compo-
nents may be used, such as a remote control unit with a
wireless connection and a software to interact with the
user and set-up the communication with the pump unit.
To attach the pump unit 100 to the reservoir unit 200, the
user brings the bayonet 212a connector on the pump unit
100 in contact with the bayonet connector 212a on the
reservoir unit 200 at an open angle, along the bayonet
rotation axis 212b. Depending on the design of the bay-
onet construction, the open angle is typically in the range
of 5 degrees to 180 degrees, preferably 15 degrees to
45 degrees. The user pushes the two components along
the rotation axis of the bayonet connection 212a together
and folds the pump unit 100 down onto the plane of the
base plate 211a. In the example of the preferred embod-
iment the plunger rod cap 123 at the tip of the plunger
rod 122 in the pump unit is connected to the opening
behind the plunger 221 in the reservoir unit. With the
bayonet componentsin place, the pump unit 100 is folded
down onto the plane of the base plate 211a to close the
connection. Figure 3a shows this step with the pump unit
at the connecting angle of 30 degrees. The user makes
sure the bayonet connection is properly locked by press-
ing down the pump unit 100 onto the base plate 211a.
By doing so, the flexible latch spring 113a of the reusable
pump unit engages with the locking structure 212d inte-
grated in the housing of the disposable reservoir unit 200,
and locks the bayonet connection in closed position. This
state is illustrated in Figure 3b. It is evident that the bay-
onetconnection of the presentinvention may alsoinclude
any other locking mechanism such as a magnetic lock,
velcro, latch or adhesive lock, provided the lock can be
released without introducing an additional unlocking
step.

[0126] In figure 4, the patch pump 1 has been applied
to the body of the patient 300 and is ready for drug de-
livery. The enveloping surface or outer shape or of the
patch pump 1 is substantially edge-free and suitable for
wearing with minimal risk of brushing the device off when
sliding over an edge such as a door frame.

[0127] After successful delivery of the drug inside the
reservoir, the patient removes the pump from his or her
body. One single mechanical handling step is required
to remove the pump unit from the used reservoir unit and
be ready for the new one. The bayonet connection is
opened by simply lifting the pump unit 100 off the plane
of the base plate 211a at the opening side 114 of the
pump. The same movement will unlock the locking mech-
anism and open the bayonet. To further ease this han-
dling step, a cut-out 211m may be made on the base
plate 211a or the base plate extension 212c on the open-
ing side 114 of the pump 1. The cut-out 211m reduces
the size of the base plate 211a at the location where the
finger of the patient grips the pump unit 100 for unlocking
and detaching from the reservoir unit 100. The cut-out
may have arbitrary shape, preferably elongate, along the
edge of the base plate 211a, about as long as the width
of a finger and wide enough to generate a haptic effect.
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Accordingly, the size of the cut-out 211m along the base
plate 211a and/or the base plate extension 212c will typ-
ically be 5 mm to 30 mm in length along the edge and 1
mm to 10 mm in width away from the original edge of the
base plate 211a and/or base plate extension 212c. In
figure 3a, an example of the cut-outis shown at the edge
of the base plate extension 211a. When folded up to the
open angle of the bayonet connection, the pump unit can
be separated from the reservoir unit and attached to a
new reservoir unit to continue with the therapy.

[0128] Another set of preferred embodiments illus-
trates the second aspect of the present invention. They
are based on the wearable, semi-disposable patch pump
shown in figures 1 and 2a,b as described before. They
are further detailed in the following paragraphs.

[0129] Figures 5, 6a and 7 (bottom-up) show the res-
ervoir unit 200, with selected parts removed to allow a
view inside the reservoir unit 200. The reservoir unit 200
comprises a reservoir unit housing 211, a reservoir 222
with the medical substance, a hybrid assembly 240 ac-
cording to the invention, the button cell battery 244 and
an adhesive patch (not shown) for connecting the patch
pump 1 to the skin of the user.

[0130] Figures6a, 6band 7 depictthe hybrid assembly
240, which is arranged inside the reservoir unit housing
211 of the reservoir unit 200 as shown in figure 5. The
hybrid assembly 240 comprises parts of the inserter as-
sembly 250, in particular a cannula moving assembly
251. Figure 6a depicts the hybrid assembly 240 with the
cannula moving assembly 251 in a biased initial position.
The inserter assembly 250 brings the cannula moving
assembly 251 from the biased initial position into an ex-
tended position for drug delivery. This movement may
be driven for example by a system of elastic elements
like the insertion spring 252 (figure 7) builtinto the inserter
mechanism, with at least one of the elastic elements be-
ing pre-loaded during manufacturing of the patch pump.
Figure 6b depicts the hybrid assembly with the cannula
moving assembly 251 in an extended position for drug
delivery. Figure 7 shows a bottom view of the hybrid as-
sembly 240.

[0131] As shown in figure 6a the hybrid assembly 240
comprises additionally a printed circuit board PCB-RU
243, the button cell battery 244 and a base frame 241
for supporting the hybrid assembly 240, the PCB-RU 243
and the battery 244.

[0132] In the following the structural features of the
base frame 241 are described in detail. Subsequently,
the function of the hybrid assembly 240 is described.
[0133] Figure 8a depicts the base frame 241 alone.
The base frame 241 comprises a connector structure 270
with four connector members 271a-271d and a non-con-
ductive body 290 made of plastic, which is injection-
moulded around the connector structure 270.

[0134] In a first production step the connector mem-
bers 271a-271d are stamped out of a metal sheet. At this
stage, the connector members 271a-271d are physically
connected to each other by bridges, which are temporary
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connecting metal elements. In a second step the con-
nector members 271a-271d of the stamped out metal
sheet are bent to form electrical contact areas and arms.
In a third step the connector members 271a-271d are
overmoulded by non-conductive plastic to form the non-
conductive body 290 around the inlaid metal structure.
In a fourth step the bridges between the connector mem-
bers 271a-271d are eliminated by stamping to galvani-
cally separate the connector members 271a-271d from
each other. The connector members 271a-271d are
made of electroconductive metal. The injection-moulded
non-conductive body 290 is made of a non-electrocon-
ductive plastic.

[0135] Eachofthefourconnectormembers271a-271d
comprises a contacting arm 272 (figure 8c). Each con-
tacting arm comprises bendings. A first free end of the
contacting arm 272 forms a first electrical contact area
272a as shown in figure 8c.

[0136] The first 271a, the second 271b and the third
271c connector member each comprise a second end of
the contacting arm 272 with a second electrical contact
area 272b adapted for electrically contacting the PCB-
RU 243 supported by the non-conductive body 290 (see
figure 8a, 6ab).

[0137] The first connector member 271a additionally
comprises a switching arm 273 and a first battery contact
arm 274 shown in figure 8c. The switching arm 273 is
integrally formed in the first connector member 271a and
is resiliently held relative to the rest of the connector
member. The switching arm 273 comprises on its free
end a contact surface adapted to establish an electrical
contactto an electrical contactarea of the pump unit print-
ed circuit board PCB-PU 141 (see figure 17) when the
pump unit 100 is connected to the reservoir unit 200. The
first battery contact arm 274 comprises on its free end a
first battery contact area 274a adapted to be connected
to the positive pole of the button cell battery 244.
[0138] The fourth connector member 271d comprises
only the first electrical contact area 272a and a second
battery contact arm 275, which comprises at its free end
a second battery contact area 275a adapted to be con-
nected to the negative pole of the button cell battery 244.
[0139] With reference to figure 8a-8c the non-conduc-
tive body 290 is described in detail. The non-conductive
body 290 comprises a first opening 291 extending
through the non-conductive body, through which opening
the first electrical contact areas 272a of the contacting
arms 272 can be contacted from outside the base frame
241. Through a second opening 292 in the middle of the
non-conductive body 290 the second electrical contact
areas 272b can be electrically connected to the reservoir
unit printed circuit board (PCB-RU) 243. The switching
arm 273 protrudes also through the second opening 292.
On a bottom side of the non-conductive body 290 the
first and second battery contact arms 274, 275 reach out
of the non-conductive body 290 such that the first and
second battery contact arms 274, 275 can contact the
positive pole and the negative pole of the battery 244,
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respectively.

[0140] As depicted in figure 8a the non-conductive
body 290 integrally forms a linear guiding for the cannula
moving assembly 251, which comprises a soft cannula
holder 253 and a rigid cannula holder 254 (see figures
6a, 6b, 7). As depicted in figure 8a-c the linear guiding
comprises au upper guiding rail 295 and a lower guiding
rail 296. The upper guiding rail 295 is adapted to guide
the soft and rigid cannula holder 253, 254 such that the
holders are shiftable between the retracted position and
an extended position, which is at a second end of the
guiding rails 295, 296. The lower guiding rail 296 is adapt-
ed to guide a retraction control part for retracting the rigid
cannula holder 254 such that the control part is linearly
shiftable along the lower guiding rail 296. At a first end
of the guiding rails 295, 296 is an end stop surface 297
arranged, which restricts a linear movement of the soft
and rigid cannula holder 253, 254 and defines an initial
or retracted position of the holders 253, 254.

[0141] On an upper side, four fixation pins 293 are in-
tegrated into the non-conductive body 290. During as-
sembly the reservoir unit printed circuit board (RU- PCB)
243 is mounted on the four fixation pins 293 and fixated
by heat staking.

[0142] Onabottom side of the base frame 241 the non-
conductive body 290 forms a battery opening 245 (shown
in figure 7) adapted for accommodating the button cell
battery 244. A retaining element 246 for holding the bat-
tery 244 is arranged next to the battery opening 245. The
retaining element 246 as depicted in figure 7 is integrally
formed in the non-conductive body 290. When a battery
is inserted into the battery opening 245 the retaining el-
ement 246 is resiliently deflected to facilitate the insertion
of the battery. If the insertion is completed and the battery
is placed into the battery opening 245 the retaining ele-
ment 246 resiliently moves back and thus holds the bat-
tery 244 in the battery opening 245.

[0143] Figure 8 shows the base frame 241 as a com-
plete unitary component (figure 8a), in a view of the non-
conductive body 290 without the inlayed conductive
structure (figure 8b) and in a view of the conductive struc-
ture as present after manufacturing has been completed
(figure 8c). As best visible in figure 8b, the non-conductive
body 290 further integrally forms a cone-shaped bearing
pin 294 on the upper side of the non-conductive body
290. The bearing pin 294 is adapted to pivotally support
an insertion trigger 256.

[0144] Inthefinal assembled state the complete hybrid
assembly 240 is placed inside the reservoir unit housing
211 of the reservoir unit 200 as shown in figure 5. If the
pump unit 100 of the patch pump 1 is connected to the
reservoir unit 200 by the bayonet connection 212a con-
necting pins 142 (see figure 17) of the pump unit 100 are
pressed onto the first electrical contact area 272a of each
of the contacting arms 272. Thereby, an electrical con-
nection is established between the battery 244 of the
reservoir unit 200 and the system control circuitry 140 in
the pump unit 100 and between the reservoir unit printed
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circuit board PCB-RU 243 and the system control circuit-
ry 140 in the pump unit 100.

[0145] Through the electrical connection between the
pump unit 100 and the reservoir unit 200 a rechargeable
battery 150 in the pump unit 100 can be charged by the
button cell battery 244 in the reservoir unit 200. By means
of the electrical connection between the PCB-RU 243
and the PCB-PU 141 in the pump unit 100 the system
control circuitry 140 can control a heating element of a
heater assembly on the PCB-RU 243. In the same way,
the system control circuitry may control other elements
on the PCB-RU 243 and/or obtain and process informa-
tion about the status of the reservoir unit such as the
position of the needle assembly.

[0146] If the control circuitry 140 of the pump unit 100
sends a release command to the PCB-RU 243 in the
reservoir unit a heating element of the heater assembly
is activated. The heating element may then heat up a
fuse to cause the fuse to melt, to extend or to break. This
may trigger the release of the biased insertion trigger
256, which is pivotally supported by the bearing pin 294
(see figures 6a and 6b). After the biased insertion trigger
256 is released it can rotate away from the soft and rigid
cannula holder 253, 254 and thus release them. After the
release of the holders 253, 254 they move to the extend-
ed position, driven by a spring 252 guided by the guiding
rails 295, 296 and thereby insert a soft and hard cannula
into the skin of the user. The insertion mechanism is de-
scribed in detail in the European Patent Application EP
18199475.7 which is hereby incorporated in its entirety.
[0147] Another set of preferred embodiments illus-
trates a third aspect of the present invention. They are
based on the wearable, semi-disposable patch pump
shown in figures 1 and 2a,b as described before. They
are further detailed in the following paragraphs.

[0148] Figure 9a shows a 3-dimensional overview of a
reservoir unit 200 comprising a reservoir or cartridge 222
and a fill port assembly 230, turned bottom up where in
this example the fill port is located. The reservoir unit 200
comprises a housing 211 formed by a bottom wall 211g,
a side wall 211h and a top wall 211i. The walls of the
housing define an interior space having an opening for,
amongst others, receiving the reservoir 222. The fill port
assembly 230 is preferably located in the bottom wall
211g but may also be located in the other wall sections.
The fill port assembly 230 is used for filling an empty
reservoir 222 which is closed by a plunger 221, see figure
9b. Details of the fill port assembly 230, the housing and
the reservoir 222 are presented in cross sectional views
for:

- an assembled and fixated fill port assembly 230 in
figure 9b,

- an assembled but not yet fixated fill port assembly
230 in figure 10,

- a partially assembled fill port assembly without an
insert 235 in figure 11, and

- the assembly of the housing and the reservoir in fig-
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ure 12.

[0149] As best visible in the exploded view of figure 16
and in the cross-section of figure 12, the housing 211,
preferably the bottom wall 211g comprises a passage
211c adapted to receive the fill port assembly 230 formed
by an insert 235 and fill port sealing 231. The passage
211cin the wall of the housing is surrounded by recesses
orrecessed sections (211d, 211f) and the passage 211c
is aligned with the inlet 222a of the reservoir 222 to form
an opening for receiving the fill port assembly. The hous-
ing 211, preferably the bottom wall of the housing 211g
comprises at least one fixation pin 211e preferably made
from the same thermoplastic polymer as the housing.
[0150] To properly position and fixate the reservoir in-
side the housing of the drug delivery device, a stabilising
protrusion 222b is integrated in the reservoir. When the
reservoir is inserted into the housing of the drug delivery
device the stabilising protrusion 222b slides into arecess
in the inner wall of the housing, in figure 12 shown as
stabilising recess 211k. With the stabilising protrusion
positioned in the stabilising recess 211k, the reservoir is
properly positioned and laterally fixated to allow lateral
pressure for mounting the fill port assembly. Further, the
interaction between the stabilising protrusion and the sta-
bilising recess may be designed as a snap fit connector
(not shown in figures 12 and 16).

[0151] Once the reservoir 222 has been inserted and
guided into the housing 211, preferably until the reservoir
abuts a stop in the housing, the inlet 222a of the reservoir
is aligned with the passage 211cin the housing. The stop
in the housing may be formed by a protrusion or protrud-
ing structure on the housing abutting a portion of the res-
ervoir.

[0152] To establish a fluid path from the exterior to the
reservoir inlet 222a and ensure fluid-tightness at a spec-
ified pressure such as the filling pressure, the fill port
assembly comprises at least one sealing. In the embod-
iment shown in figure 16, afill port sealing 231 is inserted
into the passage 211c¢ of the housing along a longitudinal
axis formed by the inlet 222a of the reservoir. The longi-
tudinal axis of the inlet 222a is preferably perpendicular
to the longitudinal axis 222e of the reservoir. The fill port
sealing 231 comprises a cylindrical section 231f connect-
ing a flange 231a to a pierceable septum 231c (figure
14). The axis of the cylindrical section 231fis aligned with
the axis of the inlet 222a of the reservoir when the fill port
sealing has been inserted into the passage 211c. The
flange 231a has a lateral dimension that tightly fits into
the second recessed section 211d of the housing 211
whereas the pierceable septum 231c tightly fits into the
inlet222a of the reservoir. The flange 231ais disc shaped
having a cone shaped opening 231g for accessing a bore
231b ending in the pierceable septum 231c. The flange
231afits in a disc shaped second recessed section 211d
in the housing. The cylindrical section 231fforms the bore
231bthatis adapted to receive a sleeve 235c of the insert
235 (see below). The entrance of the fill port sealing 231
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starting from the flange is cone shaped and is adapted
to receive a cone shaped opening 235a of the insert 235
(figure 13). The longitudinal axis of the cone of the insert
coincides with the longitudinal axis of the inlet of the res-
ervoir. The fill port sealing 231 is made, in this example,
both from an elastomer and a thermoplastic polymer. Al-
ternatively only an elastomer is used. The flange 231a
and the outside surface of the cylindrical section 231f are
made from the elastomer such that the flange can form
a sealing towards the housing and the distal end of the
cylindrical section 231f can form a sealing with the inlet
222a of the reservoir 222. The cone section of the fill port
sealing 231 is made from the thermoplastic polymer to
provide mechanical strength to the fill port sealing 231.
The fill port sealing 231 is shown as a unitary component
in figure 14. The fill port sealing is inserted into the fill
port sealing cavity 222g of the reservoir 222 shown in
figure 15. The fill port sealing 231 is preferably made
using 2-component injection moulding with a rigid ther-
moplastic 231d like PBT and a soft elastomer 231e like
polysiloxane liquid silicone (LSR) rubber.

[0153] A cross section of the fill port sealing 231 that
has been inserted into the passage 211c in the bottom
wall 211g of the housing is presented in figure 11. The
distal surface of the flange 231a contacts the proximal
surface of the second recessed section 211d of the hous-
ing (see figure 12). Optionally, the housing comprises a
protruding rim 211j contacting the flange 231a of the fill
port sealing 231. The distal end of the cylindrical section
231f of the fill port sealing 231 (figure 14) has an outer
dimension that is above the inner dimension of the inlet
222a of the reservoir (figure 12) such that the distal end
is radially compressed as it enters the reservoir thus es-
tablishing a second sealing 239 between the fill port seal-
ing and the inlet 222a of the reservoir (figure 9b). The
second sealing 239 is radially oriented perpendicular to
the axis of the inlet of the reservoir. Optionally, the distal
end of the cylindrical section and/or the pierceable sep-
tum 231cforms an axial sealing with a surface of the inlet
of the reservoir.

[0154] The exploded view of figure 16 shows how the
fill port sealing 231 and the insert 235 are inserted into
the passage 211c of the housing. Figure 10 shows a
cross section of the fill port assembly in this state, before
fixation. The insert 235 is made from a metal (stainless
Cr-Ni steel, for example AlSI 305) and comprises a cone
shaped opening 235a connecting abase 235b to a sleeve
235c (see also figure 13). The cone shaped opening 235a
fits into the cone of the fill port sealing 231 formed by the
thermoplastic polymer 231d. The sleeve 235c fits into
the bore 231b of the sealing for guiding a needle towards
the pierceable septum 231c. The base 235b of the insert
comprises cut-outs or openings 235d which are adapted
to be received by the at least one fixation pin 211e ex-
tending from the housing and the outer dimensions of
the base as such fit into the first recessed section 211f
of the housing (figure 10). The insert 235 is fixated to the
housing by heat staking of the fixation pin 211e, thus
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heating and deforming the fixation pin 211e (figure 9b).
During fixation of the insert 235, the flange 231a of the
fill port sealing 231 is axially compressed between the
base 235b of the insert and the bottom wall 211g of the
housing. Optionally, the flange is locally compressed by
the protruding rim 211j present in the second recessed
section 211d in the housing (figure 11). Due to the com-
pression of the flange, a first sealing 238 is formed that
is axially displaced from the second sealing 239. The first
and second sealings 238, 239 are established by the fill
port sealing and bridge the gap between the inlet of the
reservoir 222 and the housing 211 and prevent leakage
from the reservoir into the housing and into the exterior
(figure 9b). Moreover, the first and second sealings 238,
239 prevent contamination from the exterior into the drug
delivery device orinto the reservoir As the insert is fixated
to the housing, also lateral movement of the reservoir
222 with respect to the housing may be limited or even
actas animpactabsorber for the reservoir. The inlet222a
of the reservoir is coupled to the housing via the fill port
sealing 231 and the insert 235 and the elastomeric ma-
terial of the fill port sealing 231 may act as a cushion or
shock absorber between the rigid reservoir and rigid
housing.

[0155] A method for assembling the drug delivery de-
vice or a part of the drug delivery device is shown in figure
16. The reservoir 222 is inserted into the opening of the
housing along the longitudinal axis 222e of the reservoir.
The plunger 221 may already be present in the reservoir
(figure 9b) or is inserted into the reservoir after the res-
ervoir is positioned inside the housing 211. Preferably,
the wall of the reservoir is reinforced with a number of
reinforcing ribs 222f also adapted to facilitate the orien-
tation and guidance of the reservoir in the housing 211
during assembly. The housing of the drug delivery device
may further have a stop surface which, when abutted by
the reservoir, ensures that the inlet 222a of the reservoir
is aligned with the passage 211c of the housing 211. The
inside surface of the housing may have longitudinal ridg-
es for correctly guiding the reservoir to its final position.
In a subsequent step, the fill port sealing 231 and the
insert 235 are inserted into the passage 211c in the hous-
ing along an axis that is defined by the cone shaped open-
ing 235a of the insert (or the cone shaped opening of the
fill port sealing). The axis defined by the cone shaped
opening 235a is preferably identical to the axis defined
by the inlet 222a of the reservoir when the reservoir is in
its final position. The distal end of the fill port sealing
enters the inlet 222a of the reservoir to establish the sec-
ond sealing 239 during insertion of the fill port sealing.
During fixation of the insert, preferably by heat staking
of the fixation pins 211e, the first sealing 238 is estab-
lished. Before, during or after insertion of the reservoir,
the hybrid assembly 240 is inserted into the housing as
well.

[0156] Another set of preferred embodiments illus-
trates a 4th aspect of the present invention. They are
based on the wearable, semi-disposable patch pump
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shown in figures 1 and 2a,b as described before. They
are further detailed in the following paragraphs.

[0157] The reservoir outlet sealing is improved by a
design which is particularly cost-effective to manufac-
ture. Such an advantageous design has already been
described with the third aspect of the present invention,
where the reservoir outlet sealing is combined with an
improved fill port. Figure 18 shows an additional way to
improve the reservoir outlet sealing. The reservoir unit
of figure 1 is shown with part of the housing removed,
followed by a more detailed cut across the outlet of the
reservoir (figure 19). The reservoir 222 has a rigid struc-
ture forming a reservoir outlet 222c. In this example, the
reservoir outlet has a substantially cylindrical reservoir
outlet sealing cavity 222d. During manufacturing, the res-
ervoir outlet sealing cavity 222d is closed by inserting a
substantially cylindrical reservoir outlet sealing 223 made
of soft, fluid-tight but pierceable material such as silicone
or any kind of rubber, establishing a fluid-tight closure of
the reservoir outlet sealing cavity 222d. In a separate
manufacturing step the reservoir outlet sealing 223 is
pierced by the input portion of the needle assembly. In
the current example of an embodiment, the input portion
of the needle assembly consists of the input portion of
therigid cannula 258. The resultis afluid-tight connection
between the outlet of the reservoir and the needle as-
sembly. Unlike with a membrane-like sealing, the sub-
stantially cylindrical shape of the reservoir outlet sealing
and consequently of the reservoir outlet sealing cavity
provides a considerably improved fluid-tightness, in this
example up to a specified filling pressure of 6 to 8 bar. A
large range of variations of this embodiment are possible
within the scope of the current invention. The reservoir
outlet sealing cavity and the reservoir outlet sealing may
only by partially cylindrical or have a different shape al-
together, while keeping the area of contact between the
reservoir outlet sealing cavity and the reservoir outlet
sealing large enough to provide the required fluid-tight-
ness. Manufacturing of the reservoir outlet may vary by
changing the sequence of manufacturing steps, for ex-
ample by piercing the reservoir outlet sealing before or
after inserting the reservoir outlet sealing into the reser-
voir outlet sealing cavity. More variations are generated
by applying the improvements to the exit port sealing to
the reservoir outlet. All features described under the 4th
aspect of the current invention, for example reducing the
number of components by applying 2-shot injection
moulding technology or improving manufacturability by
introducing an exit port sealing plug cavity which inter-
sects the outlet port opening, also lead to variations of
the embodiments as described for the reservoir outlet.
[0158] Another set of preferred embodiments illus-
trates a 5t aspect of the present invention. They are
based on the wearable, semi-disposable patch pump
shown in figures 1 and 2a,b as described before. They
are further detailed in the following paragraphs.

[0159] In figure 18, the reservoir unit 200 of figure 1 is
shown with part of the housing removed, in particular
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revealing the rigid cannula 258 and the soft cannula 259
which are the main components of the needle assembly
in this embodiment. Figure 20 shows a cut across the
needle assembly at the interface between the rigid can-
nula 258 and the soft cannula 259. The rigid cannula 258
has a substantially tubular shape and is configured to
slide axially in a soft cannula lumen 259a of the soft can-
nula while maintaining a fluid-tight sealing connection at
the proximal inputend of the soft cannula 259. To achieve
fluid-tightness up to the specified filling pressure of 6 to
8 bar, the soft cannula has a soft cannula input sealing
portion 259b, where the material of the soft cannula 259
is deformed, thickened or otherwise altered to increase
the pressing of the soft cannula on the surface of the rigid
cannula. The cannula input sealing portion 259b of the
soft cannula 259 may be formed during manufacturing
of the needle assembly or a later manufacturing step of
the pump by injection moulding, by applying heat and/or
mechanical pressure from outside the needle assembly,
or by other means to thicken and/or deform the soft can-
nula 259. While the most preferred location of the cannula
input sealing portion 259b is right at the proximal input
of the soft cannula 259, variations of this embodiment
are well possible with the soft cannula input sealing por-
tion 259b further towards the output end of the soft can-
nula 259. Further variations may have the soft cannula
input sealing as a separate component from the soft can-
nula.

[0160] Another set of preferred embodiments illus-
trates a 6th aspect of the present invention. They are
based on the wearable, semi-disposable patch pump
shown in figures 1 and 2a,b as described before. They
are further detailed in the following paragraphs.

[0161] The exit port is improved by reducing the
number of components at this interface by integrating
one or more originally separate components into one uni-
tary component. Figure 21a gives a schematic overview
over the concept applied at the exit port of the drug de-
livery device. The housing of the pump is shown with a
firsthousing component 213 around the exit port opening
213a and two other housing components 214 connected
to the first housing component 213 via housing sealings
215. The combination of housing components, both of
the pump unit and the reservoir unit, when equipped with
afill portand/or an exit port and/or other sealing elements
suitable for the intended use and connected for said in-
tended use, form a protective shell to protect the pump
from mechanical damage, contamination or other form
of environmental ingress. An exit portassembly 261 com-
prising a rigid exit port sealing holder 262 and a soft exit
port sealing 263 is mounted at the exit port opening 213a
of the housing. To support the manufacturing process of
the patch pump, the rigid exit port sealing holder 262 not
only holds the soft exit port sealing 263 in place for closing
the exit port opening 213a, but also serves as a mechan-
ical guide for the process of piercing the soft exit port
sealing 263 with the output portion 260b of the needle
assembly 260. The rigid exit port sealing holder 262 may
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have any shape suitable for that purpose. Examples of
simple shapes include a straight tube, a bent tube, a
cone, a U-shaped groove or a combination of these
shapes. At the point of piercing, where the output portion
260b of the needle assembly 260 first comes into contact
with the soft exit port sealing 263, the shape of the rigid
exit port sealing holder is tubular, which defines an at
least partially tubular exit port channel 262a with an axis
262b.

[0162] Therigid exit port sealing holder 262 is attached
to one of the housing components, in figure 21a the first
housing component 213. The soft exit port sealing 263
is mounted at the exit port opening 213a to fluid-tightly
close the exit port opening, while at the same time es-
tablishing a fluid-tight sealing between the rigid exit port
sealing holder 262 and the housing, in figure 21a the first
housing component 213. This has the advantage that the
connection between any housing component and rigid
exit port sealing holder 262 does not need to be fluid-
tight at all. The requirement for fluid-tightness of the exit
port is fully ensured by the soft exit port sealing, which
can be designed to withstand the pressure as specified,
be itenvironmental pressure, occlusion pressure or filling
pressure. The soft exit port sealing 263 is made of a soft
and elastic material, such as an elastomer like silicone
rubber or any other fluid-tight material which is pierceable
by the output portion 260b of the needle assembly 260
and elastic enough to provide the surface pressure re-
quired for fluid-tight sealing at the specified fluid pres-
sure. Other examples for such an elastomer may by an
EPDM rubber, polydimethylsiloxane rubber PDMS, pref-
erably in LSR form or an elastomeric polyurethane (PUR)
or a thermoplastic elastomer (TPE). The soft exit port
sealing 263 is attached to the rigid exit port sealing holder
262 during manufacturing to form a fluid-tight connnec-
tion, for example by2-shot injection molding, by press-fit
or by any other means of fixating the sealing for the in-
tended use. The process of manufacturing the patch
pump of this embodiment includes the step of attaching
the rigid exit port sealing holder to the housing, while
thereby closing the exit port opening, and the step of
piercing the soft exit port sealing by the output portion
260b of the needle assembly 260. As the output portion
of the needle assembly is intended to be inserted into
the body of the patient for drug delivery, said output por-
tion 260b will typically have a rigid and pointed end, such
as the tip of a sharpened needle or rigid cannula. The
sequence of manufacturing steps is not relevant for the
function of the exit port, hence the piercing of the exit
port sealing 263 may take place before or after mounting
the exit port assembly 261 into the housing of the drug
delivery device. As the soft exit port sealing has two seal-
ing functions, the step of attaching the rigid exit port seal-
ing holder to the housing may be the same as the step
of attaching the soft exit port sealing to the rigid exit port
sealing holder.

[0163] Theresultis a patch pump which is easy to man-
ufacture and has a unitary exit port sealing fulfilling three
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sealing functions in one: sealing the housing to the rigid
exit port sealing holder, sealing the output portion of the
needle assembly to the rigid exit port sealing holder, and
fluid-tightly closing the exit port opening.

[0164] A further improvement of the exit port concept
of the present invention is achieved by modifying the
shape of the housing of the drug delivery device and by
introducing a recess in the area of the exit port. This al-
ternative is shown in the schematic overview of figure
21b using the same numerals for the same parts as in
figure 21a. The recess in the housing creates an exit port
chamber 213b and the exit port opening 213a now lies
sufficiently far in the interior of the enveloping surface 1a
of the pump to keep the output portion 260b of the needle
assembly 260 completely in the interior. This arrange-
ment has the advantage of protecting the output portion
of the needle assembly from inadvertent physical contact
with the environment, contamination or damage, while
at the same time protecting the user and/or patient from
inadvertent contact with the output portion of the needle
assembly and hence reducing the risk of harm by prick-
ing.

[0165] The exit port concept of the present invention
leads to at least three main groups of further improved
embodiments. In a first group, the exit port is improved
by combining the components of the exit port assembly,
the rigid exit port sealing holder and the soft exit port
sealingto one unitary component. Figure 22a,biillustrates
a preferred embodiment of this group. Figure 22a shows
the exit port assembly 261 in a perspective view (left)
and in a cut across (right). The exit port assembly 261 is
manufactured as one unitary component, for example by
2-shot injection moulding, with the rigid exit port sealing
holder 262 and the soft exit port sealing 263 injected in
separate shots using different materials as defined by
the design described before. Alternatively, the exit port
assembly 261 may be pre-manufactured by attaching two
components, for example by gluing, by applying press-
fit or any other technology resulting in a fluid-tight con-
nection between the two components. In figure 22a, the
multiple sealing function of the soft exit port sealing is
well visible: the sealing does not only cover the open
distal end of the exit port channel 262a, but also com-
prises a sealing area surrounding the exit port channel
to seal the interface to the housing and close the exit port
opening in an assembled state. Figure 22b shows a patch
pump in an embodiment using the exit port assembly of
figure 22a, in afully assembled state, including the needle
assembly 260 with the output portion 260b.

[0166] In a second group of embodiments according
to the 6th aspect of the present invention, the exit port is
improved by combining the exit port assembly with one
of the components of the housing to one unitary compo-
nent. Figure 23a-c illustrates one of many possible pre-
ferred embodiments of this group. Figure 23a shows the
first housing component 213 with all soft components
attached in a perspective view with a cut along the exit
port channel axis. The first housing component 213 is
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manufactured as one unitary component, for example by
2-shot injection moulding with a soft material and a rigid
material. The rigid exit port sealing holder 262 is an ele-
ment of the first housing component 213, made of rigid
material, and manufactured for example in a first shot of
injection moulding. The soft exit port sealing 263 is for
example injected in a second shot of injection moulding
using soft materials as described before. Materials may
be selected to match the requirements of the drug deliv-
ery device, in particular the fluid-tightness at the pressure
specified for the exit port. A particular advantage of this
group of embodiments is that not only the rigid exit port
sealing holder may be integrated into the housing, but
the soft exit port sealing may also be combined with other
sealings or functional elements requiring soft material on
the same housing component. In figures 23a and 23b,
the multiple sealing function of the soft exit port sealing
is well visible: the sealing does not only cover the open
distal end of the exit port channel 262a, but also com-
prises housing sealings 215 in the housing designed for
other purposes. Channels of soft material may connect
the different sealing elements to improve manufactura-
bility. Within the limits of manufacturability any kind of
housing component may be realised integrating the exit
port assembly with other housing elements as described
in this invention. Figure 23b is a cross section of the exit
port assembly of figure 23a to show the shape of the soft
exit port sealing 263 where it closes the distal end of the
exit port channel 262a. Figure 23c shows a patch pump
in an embodiment using the exit port assembly of figure
23a, in a fully assembled state, including the needle as-
sembly 260 with the output portion 260b.

[0167] In a third group of embodiments according to
the 6th aspect of the present invention, the exit port is
improved by keeping the soft exit port sealing as an own
component and by improving manufacturability by intro-
ducing an exit port sealing plug cavity configured to allow
easy insertion of the soft exit port sealing. With this ap-
proach there is no need to have an extra component as
the rigid exit port sealing holder; the rigid exit port sealing
holder is consequently integrated into a housing compo-
nent.

[0168] Figure24a-dillustrates a preferred embodiment
of this group. Figure 24a shows the first housing compo-
nent 213 in a perspective view (left) and in a cut across
(right). The first housing component 213 is manufactured
as one unitary component, for example by injection
moulding and may also integrate other elements like
housing sealings 215. The rigid exit port sealing holder
262 is an element of the first housing component 213,
made of rigid material. The soft exit port sealing 263 is
manufactured as a separate component, for example by
injection moulding using a different mould. In this group
of embodiments, the element of the first housing compo-
nent corresponding the rigid exit port sealing holder 262
has an exit port sealing plug cavity 213c which is at least
partially tubular and intersecting the exit port channel
262a at a minimal angle of 10 degrees, most preferably
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between 45 and 90 degrees. In figure 24a this is illustrat-
ed by indicating the exit port channel axis 262b and the
exit port sealing plug cavity axis 213d. In this embodi-
ment, the exit port sealing plug cavity 213c is open on
an axial end. The soft exit port sealing may easily be
inserted into the exit port sealing plug cavity 213c along
the exit port sealing plug cavity axis 213d and provides
a fluid-tight sealing of the exit port opening 213a. In this
example, the exit port sealing has a substantially cylin-
drical shape, but may have any other shape suitable for
easy inserting through an open face of the exit port seal-
ing plug cavity while closing the exit port opening 213a
in a fully assembled state. Two figures are added to fur-
ther explain the shape of the exit port sealing plug cavity
of this group of embodiments. Figure 24b is a perspective
view of the first housing component 213 with rigid exit
port sealing holder 262 cut along the exit port channel
axis to show the shape of the exit port sealing plug cavity
213c. In figure 24c, the same view is shown, but with the
soft exit port sealing inserted in the rigid exit port sealing
cavity. In the example of figure 24a-d both the exit port
sealing plug cavity 213c and the soft exit port sealing 263
have substantially the shape of a cylinder with a segment
cut away. This shape is advantageous because the soft
exit port sealing can be inserted into the rigid exit port
sealing holder like a cylindrical plug while the flat side
provides better fixation during the piercing step. The min-
imal angle between the exit port sealing plug cavity 213c
and the axis of the exit port channel facilitates the man-
ufacturing step of piercing the exit port sealing with the
output portion 260b of the needle assembly 260. A further
advantage of said angle between the exit port sealing
plug cavity axis and the exit port channel axis is that when
the output portion of the needle assembly is piercing
through the soft exit port sealing the said soft exit port
sealing is held in place by the rigid exit port sealing holder
262 with little or no shearing force or pulling force result-
ing at the connection between the soft exit port sealing
and the rigid exit port sealing holder, again improving the
sealing to reliably meet the requirements for fluid-tight-
ness as specified.

[0169] Figure 24d shows a patch pump in an embod-
iment using the exit port assembly of figures 24a-c, in a
fully assembled state, including the needle assembly 260
with the output portion 260b.

[0170] Figure 25a-e illustrates another preferred group
of embodiments similar to the one in figure 24a-d. Figure
25a shows the first housing component 213 in a perspec-
tive view (left) and in a cut across (right). Like before, the
firsthousing component 213 is manufactured as one uni-
tary component, for example by injection moulding and
may also integrate other elements like housing sealings
215. The rigid exit port sealing holder 262 is an element
of the first housing component 213, made of rigid mate-
rial. The soft exit port sealing 263 is manufactured as a
separate component, for example by injection moulding
using a different mould. Still like the group in figure 24a-
d, the element of the first housing component corre-
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sponding the rigid exit port sealing holder 262 has an exit
port sealing plug cavity 213c, filled in figure 25a with the
soft exit port sealing 263. The exit port sealing plug cavity
with exit port sealing plug cavity axis 213d is still inter-
secting the exit port channel 262a with exit port channel
axis 262b at a minimal angle of 10 degrees, most pref-
erably between 45 and 90 degrees. However, in this
group of embodiments, the exit port sealing is no longer
a stopper of a shape resembling a cylinder, but may have
any other shape suitable to be pressed into the exit port
sealing plug cavity through at least one open side. In this
group of embodiments, the exit port sealing cavity axis
does no longer imply a rotational symmetry, but indicates
the path along which the soft exit port sealing is inserted
into the rigid exit port seaing holder. To push a wide seal-
ing a short way into a cavity - which can be seen as a
sideways assembly of a stopper - is significantly easier
than pushing a cylindrical sealing axially and brings a
significant improvement to manufacturability. This group
of embodiments has the additional advantage that the
exit port sealing plug cavity can be designed with a big
variety of shapes, in particular adding a constriction or
flattening around the open distal end of the exit port chan-
nel to increase pressing and optimise fluid-tightness and
pierceability in that area without compromising easy as-
sembly during manufacturing. For sideways insertion the
exit port sealing 263 is preferably not shaped like a cyl-
inder, but more like a cushion or tablet, as shown in figure
25d (left). Two figures are added to further explain the
shape of the exit port sealing plug cavity of this group of
embodiments. Figure 25b is a perspective view of the
first housing component 213 with rigid exit port sealing
holder 262 cut along the exit port channel axis to show
the shape of the exit port sealing plug cavity 213c. In
figure 25c, the same view is shown, but with the soft exit
port sealing inserted in the rigid exit port sealing cavity.
Figure 25d shows the soft exit port sealing 263 before
(left) and after (right) insertion into the exit port sealing
plug cavity 262 of figure 25b. It is well visible that in the
arrangement as described, the soft exit plug sealing 263
gets elastically deformed by this insertion and is com-
pressed with a flat surface at a substantially orthogonal
angle at the point where the output portion of the needle
assembly will pierce the sealing.

[0171] Figure 25e shows a patch pump in an embod-
iment using the exit port assembly of figure 25a-e, in a
fully assembled state, including the needle assembly 260
with the output portion 260b.

[0172] Another set of preferred embodiments illus-
trates a 7th aspect of the present invention. They are
based on the wearable, semi-disposable patch pump
shown in figures 1 and 2a,b as described before. They
are further detailed in the following paragraphs.

[0173] The patch pump is further improved by covering
the exit port chamber 213b with a semi-permeable exit
port lid 285 removably attached to a component of the
patch pump housing 214, as shown in figure 26a-c. The
exit port lid 285 is configured to let air pass while any
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fluid, like for example water or a fluid medicament, is
stopped and prevented from entering or leaving the exit
port chamber 213b. With such an exit port lid, the needle
assembly 260 and the reservoir 222 can be filled with
medicament from the exterior without any of the fluid get-
ting in contact with the patient. During filling of the res-
ervoir 222 and/or priming of the fluid path through the
needle assembly 260, the air initially present in the fluid
path and/or in the exit port chamber is at least partially
pressed through the exit port lid and replaced by fluid.
The fluid, however, is stopped by the exit port lid. This
has two advantageous effects: first, as mentioned before,
no drug is spilled through the exit port while the exit port
lid is in place; second, the exit port lid 285 closes the fluid
path and ensures that a filling pressure may be applied
to the fluid required to move the plunger 221 and fill the
reservoir. By supporting the process of filling the reservoir
and/or priming the fluid path, the exit port lid of this in-
vention makes a big contribution to safe and reliable func-
tioning of the drug delivery device. The exit port lid is
realised using a priming membrane 285a made of a semi-
permeable material, preferably in shape of a sheet, such
as GoreTex® or similar products. Because such mem-
branes often are mechanically weak, a membrane rein-
forcing structure 285b is permanently fixed to the priming
membrane 285a, preferably in the area surrounding the
exit port chamber 213b, as shown in the basic embodi-
ment of figure 26a. The membrane reinforcing structure
may for example be a plasticring, a grid, a net or a sheet
of textile material strong enough to allow removal of the
exit port lid without damaging the lid, and configured to
allow contact of the fluid to the priming membrane. The
membrane reinforcing structure 285b is removably at-
tached to a housing component 214, for example by
means of a glue or a double-sided adhesive tape. The
double-sided adhesive tape may even be the same as
the membrane reinforcing structure 285b, with a first side
sticking permanently to the priming membrane 285a, and
a second side removably sticking to a housing compo-
nent 214. The presence of the membrane reinforcing
structure is important to allow the exit port be designed
for fluid-tightness at a specified minimum pressure such
as the filling pressure, while still ensuring easy handling
of the pump.

[0174] In this basic embodiment, the exit port lid 285
further includes an exit port lid liner 285¢c permanently
fixed to the membrane reinforcing structure 285b, but not
attached to the housing component 214. Using the exit
port lid liner 286, the exit port lid 285 may easily be re-
moved from the housing 214 after successful filling
and/or priming of the patch pump. As filling and priming
are not functions only present in patch pumps, the con-
cept of an exit port lid may advantageously be applied to
all kinds of drug delivery devices.

[0175] To achieve an optimum of accuracy and relia-
bility, it is particularly important for patch pumps to keep
the area around the output portion ofthe needle assembly
well attached to the body of the patient during drug de-
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livery, ideally with a fluid-tight connection. The exit port
concept with the exit port lid is further improved by bring-
ing the edge of the adhesive layer providing this fluid-
tight connection closer to the exit port. This is realised
by integrating the exit port lid into the adhesive patch
assembly. A preferred example of such an embodiment
is shown in figure 26b. The exit port lid 285 still includes
the priming membrane 285a and the membrane reinforc-
ing structure 285b. To bring the adhesive patch assembly
280 as close as possible to the border of the exit port
chamber 213b a membrane carrying structure 212e is
introduced. The membrane carrying structure is perma-
nently attached to a housing component 214, preferably
integrated therein as an elementof the same unitary com-
ponent. The membrane carrying structure has substan-
tially the same thickness as the adhesive patch assembly
280 and is shaped to surround the exit port chamber in
a way that a fluid-tight connection is made between the
housing 214 and the exit port lid 285 as long as the exit
port lid 285 is attached to the housing. A very simple
example is a plastic ring integrated in or permanently
attached to the housing component 214. In this embod-
iment, the adhesive patch assembly 280 has an adhesive
layer 280a and an adhesive release liner 280b. With the
membrane carrying structure 212e in place as described,
the membrane reinforcing structure can remain in sub-
stantially the same plane while being removably attached
tothe membrane carrying structure 212e and permanent-
ly fixed to the adhesive release liner 280b. As before, the
priming membrane 285a is permanently fixed to the
membrane reinforcing structure 285b. This arrangement
is easy to manufacture, may be optimised for fluid-tight-
ness ata specified minimum pressure, brings further cost
advantage by removing the need for a dedicated exit port
lid liner (285c, see figure 26a) and brings about an opti-
mum of ease of use. The exit port lid 285 is simply re-
moved from the exit port chamber 213b by removing the
adhesiverelease liner 280b from the adhesive layer 280a
- which is a task the user has to do anyway to attach the
patch pump to the body of the patient. Figure 26¢c shows
a possible embodiment of an adhesive patch assembly
280 combined with an exit port lid 285 as described. The
priming membrane 285a is mounted on the adhesive re-
lease liner 280b using a double-sided adhesive ring
which also acts as a membrane reinforcing structure
285b. An adhesive mounting tape 280d is used to per-
manently attach the adhesive patch assembly 280 to the
base plate 211a (notshown) atthe bottom of the reservoir
unit. A number of adhesive cut-outs 280c are introduced
atleastin the adhesive layer 280a, preferably cut through
all layers of the adhesive patch assembly 280, to allow
access to the pump housing for functions like filling the
reservoir, bringing the needle assembly into position for
drug delivery or pressure compensation.

[0176] Further improvements of the exit port lid in the
scope of the present invention include a combination of
the exit port lid and/or the membrane carrying structure
with any other element on the pump housing or a com-
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bination of the exit port lid concept with other functions.
As an example of such an extended function, the attach-
ment of the exit port lid could be designed to break lose
at low fluid pressure, deliberately allowing a leak to indi-
cate to the user that the filling of the reservoir has been
successfully completed, or to indicate to the user that a
maximum pressure has been exceeded.

[0177] Another set of preferred embodiments illus-
trates an 8t aspect of the present invention. They are
based on the wearable, semi-disposable patch pump
shown in figures 1 and 2a,b as described before. They
are further detailed in the following paragraphs.

[0178] The patch pump is further improved by intro-
ducing, at the interface between the patch pump and the
body of the patient, a number of airing channels. These
airing channels allow air and humidity to get out of the
interface into the environment. By doing so, the temper-
ature and the humidity in the adhesive patch assembly
and surrounding components is lowered, which improves
the adherence of the patch pump to the body of the pa-
tient, and hence improves accuracy and reliability of the
drug delivery. While similar airing channels have been
known, a combination with other aspects of the present
invention leads to a new solution, shown in figure 27. As
described before, it is advantageous for the patch pump
to keep the area around the output portion of the needle
assembly well attached to the body of the patient during
drug delivery, ideally with a fluid-tight connection. There-
fore, in the embodiments of the present invention, the
airing channels have no connection with the exit port
chamber, but only start at a distance which is large
enough for the adhesive patch assembly to ensure this
fluid-tight connection, but small enough to improve ad-
hesion in that area of the adhesive patch assembly. A
preferred range of distance is 1 mm to 20 mm, most pref-
erably 5 mm to 10 mm. In the preferred embodiment of
figure 27, the airing channels are realised as ventilation
grooves 212f in the base plate 211a of the reservoir unit
200. This example of an embodiment also includes the
membrane carrying structure 212e. Accordingly, the ad-
hesive layer covers the complete base plate 211ainclud-
ing base plate extension 212c, with a cut-out for the exit
port and for the membrane carrying structure 212e. In
figure 27 it is well visible, that the ventilation grooves 212f
are arranged at a distance from the edge of the mem-
brane carrying structure 212e. With the adhesive patch
assembly (not shown) mounted on the base plate 211a,
The ventilation grooves are covered by the adhesive
patch assembly, creating airing channels which allow air
and humidity to pass from the closed inner end 212g of
the ventilation grooves 212f to the open outer end 212h
of the ventilation grooves 212f and from there out into
the environment in the exterior of the patch pump. In fig-
ure 27 it is also well visible that these airing channels
have no connection with the exit port chamber 213b. It
is evident that the shape or number of the airing channels
is of no importance to their intended function. While the
airing channels in the embodiment of figure 27 are real-
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ised as two substantially straight half cylinders, they may
have any other geometry, size, arrangement or placing
on the base plate 211a or the base plate extension 212c,
as long as they have no connection with the exit port
chamber 213b and at least one open end towards the
environment in the exterior of the pump.

[0179] The resultis a patch pump with improved airing
at the interface between the bottom of the pump and the
body of the patient, while still allowing an optimum of
fluid-tight connection between the two sides of the inter-
face around the exit port chamber, leading to improved
accuracy and reliability of the drug delivery. Again, the
arrangement of the present invention allows to design
the housing of the pump and the adhesive patch assem-
bly to achieve fluid-tightness at the minimum fluid pres-
sure specified for this interface.

[0180] While the invention has been described in detail
in the drawings and foregoing description, such descrip-
tion is to be considered illustrative or exemplary and not
restrictive. Variations to the disclosed embodiments can
be understood and effected by those skilled in the artand
practising the claimed invention, from a study of the draw-
ings, the disclosure, and the appended claims. Given the
nature of the invention having a number of aspects con-
tributing to an overall optimum, it is obvious to those
skilled in the art that the improvements described, for
better clarity, as different aspects, may be applied in any
selection and/or combination. For example, a solution
provided for an improved exit port sealing may well be
used to improve the fill port or any other sealing in the
drug delivery device. The fill port assembly may be com-
bined with the exit port assembly to further optimise the
pump. In the claims, the word "comprising" does not ex-
clude other elements or steps, and the indefinite article
"a" or "an" does not exclude a plurality. The mere fact
thatcertain elements or steps are recited in distinct claims
does not indicate that a combination of these elements
or steps cannot be used to advantage, specifically, in
addition to the actual claim dependency, any further
meaningful claim combination shall be considered dis-
closed.

LIST OF REFERENCE NUMERALS

[0181]

1 Patch pump

1a Enveloping surface
100 Pump unit

113 Locking mechanism
113a Locking spring

114 Opening side

120 Drive mechanism

122 Plunger rod

123 Plunger rod cap

125 Threaded rod

140 System control circuitry
141 Printed circuit board, PCB-PU



142
150
151
200
211
211a
211b
211c
211d
211e
211f
2119
211h
211i
211j
211k
211m
212a
212b
212¢
212d
212e
212f
212g
212h
213
213a
213b
213c
213d
214
215
216
221
222
222a
222b
222c¢
222d
222e
222f
2229
223
230
231
231a
231b
231c
231d
231e
231f
231g
235
235a
235b
235¢c
235d
238

51 EP 3 928 814 A1

Connecting pins
Rechargeable battery
Battery contact
Reservoir unit

Reservoir unit housing
Base plate

Wall

Passage

First recessed section
Fixation pin

Second recessed section
Bottom wall

Side wall

Top wall

Protruding rim

Stabilising recess
Cut-out

Bayonet connection
Rotation axis

Base plate extension
Locking structure
Membrane carrying structure
Ventilation groove

Inner end

Outer end

First housing component
Exit port opening

Exit port chamber

Exit port sealing plug cavity
Exit port sealing plug cavity axis
Housing component
Housing sealing
Pressure compensation membrane
Plunger

Reservoir

Reservoir inlet
Stabilising protrusion
Reservoir outlet
Reservoir outlet sealing cavity
Reservoir axis
Reinforcing ribs

Fill port sealing cavity
Reservoir outlet sealing
Fill port assembly

Fill port sealing

Flange

Bore

Pierceable septum
Thermoplastic polymer
Elastomer

Cylindrical section
Cone-shaped opening
Needle guide /Insert
Cone shaped opening
Base

Sleeve

Opening or cut-out

First sealing
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239
240
241
243
244
245
246
250
251
252
253
254
256
258
259
259a
259b
260
260a
260b
261
262
262a
262b
263
270
271a-271d
272
272a
272b
273
274
274a
275
275a
280
280a
280b
280c
285
285a
285b
285¢c
290
291
292
293
294
295
296
297
300

Claims
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Second sealing

Hybrid assembly

Base frame

Printed circuit board, PCB-RU
Battery

Battery opening

Retaining element

Inserter assembly

Cannula moving assembly
Insertion spring

Soft cannula holder

Rigid cannula holder
Insertion trigger

Rigid cannula

Soft cannula

Soft cannula lumen

Soft cannula sealing, input portion
Needle assembly

Input portion

Output portion

Exit port assembly

Rigid exit port sealing holder
Exit port channel

Exit port channel axis

Soft exit port sealing
Connector structure
Connector members
Contacting arm

First electrical contact area
Second electrical contact area
Switching arm

First battery contact arm
First battery contact area
Second battery contact arm
Second battery contact area
Adhesive patch assembly
Adhesive layer

Adhesive release liner
Adhesive cut-out

Exit port lid

Priming membrane
Membrane reinforcing structure
Exit port lid liner
Non-conductive body

First opening

Second opening

Fixation pins

Bearing pin

Upper guiding rail

Lower guiding rail

End stop surface

Patient

1. Adrug delivery device comprising a housing with an
enveloping surface (1a) separating an interior vol-
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ume from the exterior; a reservoir (222) located in-
side the housing to contain a drug; a needle assem-
bly (260) with an input portion (260a) and an output
portion (260b); and an exit port assembly (261),
whereby

the housing comprises at least two components
(213, 214), configured to be attached to one another
to form a protective shell of the drug delivery device;
the reservoir (222) comprises a reservoir outlet
(222c) coupled to the input portion (260a) of the nee-
dle assembly (260);

the housing comprises an exit port opening (213a)
to provide a passage for the output portion (260b) of
the needle assembly (260) from the interior of the
housing to the exterior;

the exit port assembly is configured to form a fluid-
tight connection between the housing and the output
portion of the needle assembly (260);

the exit port assembly (261) comprises a rigid exit
port sealing holder (262) with an at least partially
tubular exit port channel (262a) defining an exit port
channel axis (262b) configured to receive the output
portion (260b) of the needle assembly (260); and a
soft exit port sealing (263) attached to the rigid exit
port sealing holder (262) during manufacturing of the
drug delivery device;

the soft exit port sealing (263) is configured to be
pierced by the output portion (260b) of the needle
assembly (260) during manufacturing of the drug de-
livery device;

and whereby the soft exit port sealing (263) is further
configured to provide a fluid-tight closure of the exit
port opening (213a) of the housing when the exit port
assembly (261) is mounted on the housing.

A drug delivery device according to claim 1, where
the exit port assembly (261) is manufactured using
a2-shotinjection moulding process as a unitary com-
ponent.

A drug delivery device according to claim 1 or 2,
whereby the exit port assembly (261) is manufac-
tured using a 2-shot injection moulding process as
a unitary component with one of the at least two
housing components (213, 214).

A drug delivery device according to claim 1 or 2,
whereby

therigid exit port sealing holder (262) furtherincludes
an exit port sealing plug cavity (213c) defining an
exit port sealing plug cavity axis (213d), and open
on atleastone end to receive the soft exit port sealing
(263);

the exit port sealing plug cavity (213c) is arranged
to intersect the exit port channel (262a) with an angle
of atleast 10 degrees, preferably at least 45 degrees
between the exit port channel axis (262b) and the
exit port sealing plug cavity axis (213d);
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the exit port sealing plug cavity axis (213d) and the
exit port channel axis (262b) at an angle of at least
10 degrees, preferably at least 45 degrees;

the soft exit port sealing (263) is inserted into the exit
port sealing plug cavity (213c) during manufacturing
of the drug delivery device; and

the soft exit port sealing (263) is configured to tightly
close the exit port sealing plug cavity (213c) and the
exit port opening (213a) when mounted in the rigid
exit port sealing holder (262).

Adrug delivery device according to claim 4, whereby
the exit port sealing plug cavity (213c) has a con-
striction and/or flattening at the exit port opening
(213a) toimprove pressing and/or shaping of the soft
exit port sealing (263) at the intersection with the exit
port channel (262a).

A drug delivery device according to any of the pre-
ceding claims, whereby

the housing has a recess from the enveloping sur-
face of the housing at the exit port opening; the re-
cess in the housing forms an external exit port cham-
ber (213b) between the recessed exit port opening
(213a) and the enveloping surface (1a) of the hous-

ing;

A drug delivery device according to any of the pre-
ceding claims, whereby the needle assembly (260)
comprises a soft cannula (259) having an open distal
end, a rigid cannula (258) at least partially and slid-
ably disposed in an inner soft cannula lumen (259a)
of the soft cannula, and a needle insertion mecha-
nism configured to bring the output portion (260b) of
the needle assembly (260) with at a least the open
distal end of the soft cannula from a first position
inside the exit port chamber to a second position
outside the exit port chamber in the exterior of the
housing.

A drug delivery system according to any of the pre-
ceding claims, further comprising an exit port lid
(285), whereby

the exit port lid (285) is removably attached to the
housing at a portion of the housing surrounding the
exit port opening;

the exit port lid (285) covers the exit port chamber
(213b) in a way that prevents fluid from entering or
leaving the exit port chamber (213b) while letting air
pass;

the exit port lid (285) includes a membrane of any
semi-permeable material adapted to allow airto pass
through while stopping liquid from passing;

the exit port lid (285) includes a membrane reinforc-
ing structure (285b) permanently fixed to the mem-
brane to ensure the membrane is not damaged in
the process of removing the exit port lid (285) from
the housing.
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A drugdelivery system according to claim 8 whereby
the membrane reinforcing structure (285b) includes
a plastic sheet with a cut-out for the exit port opening.

A drug delivery device according to claim 8 or 9 con-
figured to be used as a patch pump with an adhesive
patch assembly (280) to attach the patch pump (1)
to a patient (300), whereby

the adhesive patch assembly (280) comprises an
adhesive layer configured to attach the adhesive
patch assembly (280) to the patient (300) after prep-
aration of the patch pump (1) for drug delivery;

the adhesive patch assembly (280) comprises a re-
movable adhesive release liner to protect the adhe-
sive layer prior to use, in particular during preparation
of the patch pump (1) for drug delivery;

the exit port lid (285) is fixed permanently to the ad-
hesive release liner and removably connected to the
housing; and

the exit port lid (285) is configured to be removed
from the housing together with the adhesive release
liner during preparation of the patch pump (1) for
drug delivery.

A patch pump (1) according to any of the claims 8
to 10, whereby

the housing further comprises a membrane carrying
structure arranged around the exit port chamber;
the membrane carrying structure is adapted to pro-
trude from the housing towards the exterior by a
height substantially the same as the thickness of the
adhesive patch assembily;

the membrane carrying structure is configured to
provide contact with the exit port lid (285) in a status
where the exit port lid (285) is removably attached
to the housing;

the membrane carrying structure is configured to
provide a fluid-tight connection between the exit port
lid (285) and the housing during preparation of the
patch pump (1) for drug delivery and thereby tightly
close the exit port chamber.

A patch pump (1) according to claims 10 or 11,
whereby

the housing and/or the adhesive patch assembly fur-
ther comprises at least one ventilation structure with
at least one inner end closed and arranged at a hor-
izontal distance of 1 mm to 20 mm, preferably 5 mm
to 10 mm from the exit port chamber, and at least
one outer end left open and arranged at the periph-
eral edge of the housing and/or the adhesive;

the ventilation structure is configured to let air pass
from the inner end to the outer end and to the envi-
ronment of the patch pump (1).

A method of manufacturing a drug delivery device
comprising a housing with an enveloping surface
(1a) separating an interior volume from the exterior;
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a reservoir (222) located inside the housing to con-
tain a drug; a needle assembly (260) with an input
portion (260a) and an output portion (260b); and an
exit port assembly (261), whereby

the housing comprises at least two components
(213, 214), configured to be attached to one another
to form a protective shell of the drug delivery device;
the reservoir (222) comprises a reservoir outlet
(222c) coupled to the input portion (260a) of the nee-
dle assembly (260);

the housing comprises an exit port opening (213a)
to provide a passage for the output portion (260b) of
the needle assembly (260) from the interior of the
housing to the exterior;

the exit port assembly is configured to form a fluid-
tight connection between the housing and the output
portion of the needle assembly (260);

the exit port assembly (261) comprises a rigid exit
port sealing holder (262) with an at least partially
tubular exit port channel (262a) defining an exit port
channel axis (262b) configured to receive the output
portion (260b) of the needle assembly (260);

the method comprising, without implying any partic-
ular order or separation, the steps of

- manufacturing the exit port assembly (261) by
attaching the soft exit port sealing (263) to the
rigid exit port sealing holder (262), for example
by using 2-shot injection moulding technology,
by gluing, by press-fitting or any other technol-
ogy establishing a fluid-tight connection be-
tween the two components;

- attaching the rigid exit port sealing holder (262)
to at least one housing component; and

- piercing the soft exit port sealing (263) with the
output portion (260b) of the needle assembly
(260).
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